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Chapter 1 
INTRODUCTION 
Change to the metric system is a threat to many 
people in the United States. This inevitable change has, 
however, the advantages of bringing measurements into con­
formity with the rest of the world and simplifying the 
measurement system. 
The metric system is not new to Americans . Stu­
dents of s ci e nce have been exposed to metric measurements 
for many years, and it has become common to hear the ter­
minology when getting pres criptions filled or watching the· 
Olympics on-television. Yet, there is a surge of panic to 
many homemakers when they realize that soon they will no 
longer buy butter by the pound or milk by the quart, measu�e 
room dimensions by the foot, and bake cakes at a famili.ar 
35o0r. 
BACKGROUND FOR THE STUDY 
Al though many materials have al1.,eady been developed 
to make the conversion to metric measurements easier,. 
s0veral prc0lems may be cited. Unfortunately, mary metric 
materials were merely conve�sion aids rather than rgal 
teaching materials offering experiences with metric measure­
ments. Also, some excellent teaching materials for litres, 
l 
2 
metres, and grams have ignored Celsius ent irely. Mat erials 
developed for classroom use with active student involvement 
thro� gh hands-on experiences have bee
.
n impractical for indi­
vidualized home use. Also, not all available met ric materi­
als have gone t hrough a cycle of testing and revision . 
The systems approach that has become p opu lar as a 
procedure for solving problems in busin ess and i ndu s try has 
final ly been adapted to education for use in developing 
instructional mat erials for maximum efficiency. Empir ically 
developed mat erials to t each met ric measurement s would be 
proficiency oriented. Rather than originating from an idea 
of how t o teach metric measurements, the inst ruct ion would 
originate from an ev a lua tion of what a per s on needs to be 
able to do to show proficiency with metric measurements. 
The instructional methods would be secondary t o the desired 
outcomes or objectives, according to the systems approach. 
OBJECTIVE OF THE STUDY 
The ob j e ctiv e of the study was to develop a self­
instructional system for teaching one area of metric mea-
s ureme:n ts� temperature. This system was to be individual­
ized, enjoyable, inexpensive, suitable for home use as well 
as classroom use, and appropriate for use by homemakers and 
consu!:ler . .; . rather than. industry • .  In addition, the system 
was to be designe1 tc teach students to the mastery level 
of lt:�i.rning. 
The self-instructional system was geared to the 
tenth-grad e level since tenth graders have not grown up 
using metric measurements. Furthermore , materials developed 
for tenth graders would be adaptable for adult instruct ion. 
All materials were developed for use by present or future 
homemakers of both sexes. 
The problem was one of learning to "think metric" 
rather than to merely memorize complicated conversion for-
mulas as students of science have often been taught � 
Teaching materials were developed to help the students to 
think and approximate metric measurements by learning ref-
erence points such as temperatures for the body, room ,  and 
the boili�g and freezing of water. Conversions were esti­
mates; where accuracy was required, the student was taught 
to use a conversion sl ide accurately. 
Prerequisites to the system required that the stu­
dent be able to read Fahrenheit thermometers accurately and 
use Fahrenheit measurements for expressing common tempera-
tures such as room temp e ra tures , outdoor temperature s , body 
temperatures, and the freezing and boiling temperatures of 
wa"teI". '�"he teaching materials developed weI�e ain1ed at 
�astery-level lea�ning of the following five criterion 
objectives: 
The student,, • • 
1. approximates the conversion of Fahren­
heit to Celsius temperatures using the 
formula C = F/2 for temperatures over 
boiling and the formula C = F/2 - 15 
for temperatures under boiling. 
2. approximates without the use of conver­
sion instruments common Celsius tempera­
tures such as room temperatures, outdoor 
temperatures, body temperatures, and the 
freezing and boiling temperatures of 
water•. 
3 explains that the range between two 
adjacent Celsius integers is larger than 
between two adjacent Fahrenheit degrees 
at the ratio of SCO = 9Fo. 
4. chooses among various temperature ranges 
the appropriate one for a thermometer 
having a specific use, such as an oven 
thermometer. 
5 .  converts Fahrenheit temperatures to 
Celsius measurements and vice versa 
using a conv�rsion slide. 
PROCEDURE 
Literature on the systems approach to developitig 
instructional materials was �eviewed. The learnings from 
this review of literature were then applied in developing 
individualized materials to teach Celsius temperature. 
Teaching instruments included a computer-printed self­
i.nstructional booklet, a booklet of visuals, .three card 
games for enjoyable drill and review, and a conversion 
slide. Pre- and post-tests were used to evaluate the accom-
plishment of criterion objectives. 
Before the system was reproduced for group testing, 
five subjects worked through the materials under the 
5 
researcher's observation, and revisions were made between 
each of the five trials. Field testing of the system in its 
final form involved over 100 subj ects , including students 
and adults of both sexes with a variety of educational back-
grounds. Mastery-level learning was arbitrarily set at 
80 percent accuracy on the post-test. The goal of the 
research was to de velop a program on which 80 percent of the 
subjects achieved the mastery level. 
DEFINITIONS OF TERMS USED 
The terms used in this writ ing apply to teaching 
metric measurements by the systems approach in education as 
they are understood and used by the author. 
Conversion s lide : a mechan ical device that 
matches metric and English measurements of equal 
value on adjacent s cales . 
Criterion obj ectives: learner behaviors or 
observable performance tasks that are the desired 
outcomes of instruction. 
Em�irical developme.!2!: the development of 
educational mater ials using feedback from subjects 
in a test-revision cycle. 
Feedback line: a line, often dotted, on a flow­
chart illustrating a logical sequence for rev ision. 
Flowchart: a pictorial representation of a 
process, s u6n  as the development of teaching 
ma�erials, showing the steps and sequencing in a 
graphic manner. 
Formative evaluation: an on-going judging of 
instrucfional materiaISto see how well they are 
working or have worked in helping students to meet 
objective-
Higher-level objectives: objectives involving 
application, analysis, synthesis or evaluation in 
the hierarchy of educational objectives presented 
in the Taxonom of Educational Objectives; Co ni-
tive Domain, e y oom. 
Homemaker: a person, male or female, who man­
ages a Kome. 
Individual evaluation: an effort to determine 
.how much knowledge one possesses or has gained 
from being exposed to instructional materials. 
Instructional materials: a term used synony­
mously witfi·teaching materials and teaching 
instruments . 
Mastery-level learning: the attainment of a 
level of learning specified by the developer of 
the learning materials. 
Metric measurements: a system of measure­
ments of dimension, quantity, or capacity referred 
to as the International (Metric) System, which is 
based on the number "10." 
Pro�rammed instruction booklet: a sequence of 
careful y constructed 
·items leading a student 
through a self-instructional set of teaching mate­
rials to the mastery of a subject with a minimum 
number of errors . 
Self-instructional system: an empirically 
developed instructional package intended to be 
self-teaching, not requiring the help of a 
teacher. 
S*stems analist: a person trained in select­
ing t e most efficient and effective components of 
a system so that benefits are maximized at mini­
mum resource cost. 
. Systems approach: a decision-making method 
for optimizing solutions to problems by defining 
the problem to be solved, examining potential 
solutions, selecting a solution, measuring the 
results� and revising the approach to best solve 
the problem. 
Task analysis: a study of the constituents of 
performing some action. 
6 
Chapter 2 
REVIEW OF LITERATURE 
This chapter r e views recent l iteratur e on the sys­
tems approach, the decision-making process used to d e velop 
the instructional mat e rials for t e aching metric t e mp erature • 
. Although an effort was made to l imit the re view to the last 
five years, a few sources ar e include d that date back to 
the early sixties. 
Actual research studies on the systems approach are 
extremely l im ited. Attempts to evaluate a decision-making 
process tend to turn into evaluations of the product s of 
the proce ss rather than th e process itself. Therefor e ,  the 
emphasis of this chapter is to provide some background and 
explanation of the systems approach. First, the evolut ion 
of the approach will be presented, 
.
follo wed by a step-by­
step explanation of the process. The chapter conclude s 
with the systems approach ' s po tential in developing instruc­
tional material s. 
EVOLUTION OF THE SYSTEMS APPROACH 
Cha.ngL is inevitable. Whether it be government, 
bu iness, or education, the efficiently operating system 
must change continuously to remain relevant. One's outlook 
on change can be active or passive. Kaufman (1972) felt 
7 
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that if one acts to initiate change rather than just reacts 
to change, he becomes a 0master" rather than a "victim" of 
cha!lge. The systems approach is an "active" attempt to· meet 
the need for change. 
Lehmann (1968) stated that there is nothing new 
about the systems approach ; it is only a new look at the 
scientific method, a logical step-by-step approach often 
used, however unconsciously, to solve problems. The systems 
approach is the behavioral science's problem-solving met hod. 
Cassel ( 1969) dated the approach's origin to just before 
World War II when English scientists first developed radar 
and were seeking use s for it. At that time it was often 
referred to as " operational res earch. " 
Soon the process spread into the Un ited States mili­
tary, government, and industry. An effective decision­
making process was crucial when a problem was of such 
magn�tude that its improper solution could lead to excessive 
costs or disaster. The military was e s pecially influential 
in early research in the area. According to Pfeif fer (19 68, 
p. 140), "The really big push came with the White House 
Executive Order of 1965 which stipulated that all fede�al 
programs should be evaluated by modern planning-budgeting 
techniques. e • 
Eisele (1973 )  stated that p�essures for accounta­
bility in education have had a strong influence on the 
acceptan�� of the systems approach in education. Also , he 
'\ 
felt that instruction is finally being recognized as 
truly complex task. For example, Pfeiff er (1968, p. 
reported an estimate that "enough new informat ion to 
twenty-four volume set of the EncycloEedia Brittanica 
added to the wor ld' s libraries every forty minutes • • 
Root (1973 ,  p .  35) supported th is idea: 
Our educational systems are so complex, w ith 
so many nonl inear, interconnected feedback loops , 
that the unaided human brain cannot cope with the 
simultaneous interaction s .  A technique must be 
adopted to represent these dynamic phe nomena in a 
way that is he lpful to practical decislon-makers. 
a 
9) 
fill 
is 
• • 
a 
" 
The systems approach is the technique that is being used to 
make educat ional decisions today. 
EXPLA1'lATION OF THE SYSTEMS APPROACH 
Kaufman (19(2, p._l) described a system as the "sum 
total of parts working independently and working together 
to achiev e  required results or outcomes, b ased on needs." 
He felt that purpose and organization are e ssential to a 
system. Resnick (1972) also emphas ized the interdependence 
of the parts and the idea of the whole being greater than 
the sum of the p arts in a system.. In his article "The 
Systems Approach to Programming" Kaufman (Ofiesh and 
Meierhenry, 1964, p. 33) carried it a step further: 
Only when all component s within a system can 
be identified and their contribution towa�ds 
achieving mission objectives determined can it be 
said that a systems approach is being used. 
9 
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The systems approach has done more, however, than 
identify the separate parts of a system, although this has 
been extremely important. Lehmann (1968, p. 144) called it 
" • • .a process which is structured to minimize prejudicial 
preconceived notions and maximizes the objectivity required 
to arrive at a scientifically correct answer.'' A little 
more specifically, Kaufman (1972, p. 2) defined the system 
approach as follows: 
System approach: A process by which needs are 
identified, problems selected, requirements for 
problem solution identified, solutions are chosen 
from alternatives, methods and means are obtained 
and implemented, results are evaluated, and 
required revisions to all or part of the system 
are.made so that the needs are eliminated. 
These steps in the decision-making process vary 
slightly among systems-approach authors. Basically, how­
ever, they are the same. Lehmann (1968) listed the eight. 
steps of the systems approach as need, objectives, con-
straints, alternatives, selection, implementation, evalua-
tion, and modification. Resnick (1971, p. 156) divided the 
process into four steps: "l. Where are we now? 2. Where 
are we going? 3. How shall we get there? 4 .  How will we 
know when we've arrived?" Likewise, Pfeiffer (1968) saw 
the systems approach as having three steps: design for 
action, seeking alternatives, and evaluation. Baker 
(Travers, 1973) also saw the process in three steps: _spec­
ification, field testing and revision. Any of these orga­
nizational patterns offers the decision-maker a range of 
11 
alternative solutions based on need and a method of eval-
uating the chosen solution. 
One importan t aspect of the systems approach is the 
use of the visual representation of the decision-making pro­
cess in a flowchart. Figure 1 shows Popham and Baker's 
goal-referenced instructional model. Illustrating the 
If objectives are not 
pecification Pre-
e� ---� · Assessment Objectives 
I n struction..--� 
If obj e ctives are achieved, augment 
Figure 1 
A Goal-Referenced Instructional 
Model by Popham 
and Bakera 
aResnick, 1S70, p. 157. 
Evaluation 
systems approach in four steps, the model is simple yet 
functional in showing the progression from· specification of 
objectives, pre-assessment, and instruction, to evaluation 
and revision or augmentation. More complex models will be 
presented and explained later in this chapter. 
Pfeiffer (1968) saw the application of the systems 
approach at three different levels in education. First, it 
can be used by whole school systems of cities, states, or 
even an entire nation. Second, it can be used to make 
decisions at individual institutions. Third, it can be 
12 
used in developing individual courses and teaching methods. 
It is �he third level that will be emphasized in the rest 
of this paper, since it was at this level that instructional 
materials were developed for teaching metric temperature. 
The systems approach to developing educational materials 
will be presented in two main steps: identification of the 
problem and resolution of the problem. 
Identification of the Problem 
The first step in solving a problem, educational or 
otherwise, is to identify how things are and ·how they 
should be. Kaufman (1972,· p. 5) referred to this as "the 
measurable discrepancy (or gap) between current outcomes 
and desired or required outcomes." The discrep�ncy betwe�n 
"what is" and "what should be" may be ref erred to as an 
educational need. 
Once needs are established, the systems analyst is 
in a position to write behavioral objectives to meet these 
needs. Much has been written about writing good behavioral 
objectives. Banathy (Resnick, 1972, p .  157) recommended 
that behavioral objectives include 
1. What the learner is expected to be able to do, 
by 
a. 
b. 
Using verbs that denote observable action. 
Indicating the stimulus that is to evoke 
the behavior of the learner. 
c. Specifying resources (objects) to be used 
by the learner and pers ons with whom the 
learner should interact. 
2. How well the behavior is exp e c ted to be per­
formed by ide ntifying 
a .  Accuracy or correctness of response. 
b. Response length, spe ed, rate, and so 
forth. 
3. Under what circumstances the learner is expec­
ted· to perform by specifying 
a. Physical or situational circumstances. 
b. Psychological conditions. 
Similarly, Tuckman and Edwards ( 1971) referr ed to Mager' s 
definition of behavioral objectives as containing state-
ments of performance, criteria, and cond ition s. 
It has become the "in thing" in education to write 
behavioral objectives, if for no other reason than to be 
modern. With many unknowledgeable people writing objec­
tives, "goal distortion" often results. Hartley ( 1969) 
described goal di stortion as emphasizing the goals most 
eas�ly measured and neglecting the goals that cannot be 
quantifi�d and measured, often more important goals. Wong 
and Wong (1972, p. 57) were also cautious about the 
improper use of behavioral objectives: 
Lately there has been a great ballyhoo about 
the setting of behavioral objectives. Often it 
ap�ear5 that the idea of setting objectives is 
furt£.ered a s  an end in it self. To the systems­
orie �ted teacher objectives are only valuable when 
they are based on data he has gathered about his 
stu�ents and when they are used as precisely stated 
purposes to guide the s�lection of the most effec­
tive learning processes and content. 
T�2y seemed to feel that behavioral objectives should be 
308454 SOUTH DAKOTA STATE 'UNIVERSITY LIB ARV 
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individualized to the people for whom they are being 
written. 
Many model flowcharts are available on the systeras 
·appro�ch to developing instructional materials. They, too, 
must be individualized to the situation in which they are 
used to be of value. One fairly adaptable flowchart devel-
oped by Banathy (Resnick, 1972, p. 160)  is shown in 
Figure 2 .  The boxes contain the steps of the procedure, 
r--------7.F­
I \V J, .J,. 
I III 
Formulate ' Analyze ..... IV , Learning , Design System Objectives Task 
"" � ' 
I 'I v I 
II ..._ Implement and � 
I , Test Output Develop 
' Test 
I J, 
I "1' ; f VI 
' I Change to 
r I 
Improve 
I t I L - - - - ......... -- -- - - - - - __ l _ - -
- -- --- feedback line 
Figure 2 
An Qrer-All Structure of the Design 
of an Instructional System 
J 
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the solid arrows showing their sequencing. The dotted 
line shows the feedback line, indicating that there is 
always opportunity for revision and improvement. It can be 
seen by the flowchart that evaluation devices� as shown jn 
Box II, are developed even before the learnin� task is 
analyzed and teaching materials developed. At no point on 
a flowchart should there be a completion box; the feedback 
line is fundamental to the flowchart in using the systems 
approach. 
Figure 3 ,  developed by Tuckman and Edwards (1971,. 
p. 21), illustrates another model for instructional 
management. The activities they have included under the 
area labeled "Analysis" are.comparable to the activities 
labeled "Identification of the Problem" ip this chapter. 
A�YSIS SYflTHESIS OPERA ii� 
r--------------------, r-------, r--------1 
I I 
---- ..... --� .------. I ,.-----. 
SPECIFYING 
OCCUPATIONAL 
TASK CTHk 
An1.tyslsl 
RESTATING 
ASKS AS 
SP£CIF't'INC A 1 
SEQUENCE FOR 
BEHAVIORAL 
SPECIFY! NG I CARRY cur I 
I I 
INSTRUCJICN- ! INSTRIXTIC>li· 1 
BEHAVIORAL OBJECTIVES I Al ACTIVIJ!£S 1• ' I 
llJEC11VES I 
____ 1: 
II 
• 
• 
• 
• 
• 
• 
• 
• 
: I . 
• L..-----� • 
! 
• I : : � ' 
---------------·=-- J L--------J L--1'1---··.J 
•••••••••••••••••••• 
Figure 3 
A Systems Model for Instructional Management 
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The third step, "Specifying a S e quence for Behavioral 
Objectives (Structural Analysis ) " would include the devel-
opment of the flowchart. The areas labeled "Synthesis" and 
"Operation" are analygous to n Resolution of the Problem" as 
presented in this paper. Again, the feedback line allows 
for revision . 
Figure 4 ,  page 17, shows a more complex model devel-
oped by Penta ( 1973, p. 13). The arrows on this part icular 
flowchart move from top to bottom. Parallel arrows indicate 
that activities may occur simultaneously. An example can 
be found at the top where parallel arrows point to "Identify 
Need and Purpose" and to "Complete Pre-Planning Package." 
There is no step on this model.that cannot be reached by. 
the feedback line for the purpose of rethinking or revision. 
Resolution cf the Problem 
The first aspect of this part of the problem-
so lving process is to seek as many solution alternatives as 
�ossible. This involves actively searching for new ideas 
rather than only those that are readily available� A great 
m�ny resources need to be considered before any are singled 
out for use. At this point in the systems approach, many 
novice systems analysts accept the use of self-instructional 
program:cti!'lg and/or computed-assisted instruction without 
considerirw other alternatives. While it is true that L.., 
ir.dividualized instruction is often used in the systems 
,_ 
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Fig ure 4 
Deve l o pment o f  I n struct i o n a l  
Mat e r ia l s -- S y s t ems Mod e l  
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appro ac h , a numb er of a lternat ive s o lu t ion s mu s t  b e  con­
sidered before a selec tion of an in s truct ional me thod o r  
comb inat ion o f  method s is made . From among a l l  t he pos ­
s ible s o l u t i o n s  offered, one or more must b e  se le c t ed , 
imp lement e d , a nd evaluated . 
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Tuckman and Edward s  ( 1 9 7 1) d ifferent iat ed b etwe e n  
thre e  typ e s· · o f  evaluat ion that ar e u s e d i n  t he sys tem s  
approach . Th e f ir s t t y p e  i s  ind iv id u a l  ev aluat ion t hat 
t e l l s  how the student is do i ng . The second t ype i s  forma� 
t ive eva l u at i o n , wh ic h occur s con c urr ent ly wit h instruct ion , 
e va l u at i ng b e ha v iora l ob j e c t i v e s  and their sequenc ing t o  
s ee how in s tru c t ion i s  g o ing . S ummat ive evaluat ion i s  the 
overall e v a luat ion of the f in a l  i n s t ruct i on a l  p ackage . 
E i s e le ( 1 9 7 3 )  f e lt t h at if a student do e s  no t me et 
the ob j e c t ive s ,  i t  i s  not t he st udent that failed , but 
rat her t h e  s y s tem t hat f ai le d . Unlike trad itional eva lua­
t ion , wh i ch . i s  concerned w ith cat egor i z i ng p e o p l e  as f a i l ­
ing , av e rage , and above average , t he s ystems approa ch i s  
human ist i c . I t  as s ume s inst ruct iona l succe s s  f o r  al l . 
Unt i l  th i s  g o a l  i s  met , t he f eedback l in e  on the f l owch art 
fac i l i t a t e �  un l imited r ev i s i on opport un it i e s . B aker 
( Traver s , 1 9 7 3 )  c �ted two s ourc e s  o f  data wh ich may l ead t o  
revi s ion : student r e s pon s e s dur ing i n struct ion and . p o s t ­
t e s t  re spon s e s . O n l y  when the instruct iona l  mat er i a l s  me e t  
t he i r  o b j e c t iv e s  f or mo s t  o f  t h e  s t ud ent s  who use them are 
the mater ia l s  c o n s id ere d r e ady f or u s e . 
POTENTIAL O F  TH E S Y S TEMS APP ROACH F O R  
DE VELO P I N G  I N S TRUCTI ONAL MATE RI ALS 
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Flanagan ( 1970 ,  p .  6 5 )  s t at e d , " I t i s  v e ry d i f f i cult 
t o  arg ue again s t  t h e  s y s t em s  approach . It doe s not requ ire 
that one a c c e pt any s pe c i f i c s et of v alue s or purpo s e s  for 
educat ion" The appro ach do e s  inv o l v e  s ome st rong commit -
ment s , howeve r .  K au fman ( 1 9 72 ) l i s t e d  t he s e  a s  c omm itment 
to p l ann ing ; c ommitme nt to t ool s of p l ann in g , inc lud in g  
n e e d s  as s e s sment and s y s t em analys i s ; _ and commitment t o  u s e  
t h e  in format ion t hat re s u lt s . 
Monet ary cons iderat ion s  are one · of the b ig g e s t  
dr�wbacks t o  the u s e  o f  t he s y s t em s  approach . S in c e  mo s t  
teachers and admin i s t rators have not b e en t ra ined t o  imple -
ment t he s ys t em s  approa ch , it ha s o f t en b e en a s s ign e d  t o  a 
few prof e s s iona l s  in s ys t ems analys i s . I t s  u s e  in the 
c las s ro om , the ref o re , is not wid e s pread . B e i lb y · ( 1974 ) was 
conv in ced t hat t e a chers mu st g et invo lved i n  in s t ruct iona l  
devel o pment a s  t h ere i s  n ot enough mon e y  an d t ime av ailabl e 
to have on l y  pro f e s s ional s invo lve d . Th i s  in clu d e s mu ch 
more than j us t  the t e acher ' s  t ime . Root ( 1 9 7 3 ) r e cogn i zed 
many factors inv ol v e d  inc lu d ing the t ea cher ' s  int ere s t  in 
in s t ru ct ional d e v elopment , commitment , t rain ing , and admin­
istrat i v e  s upport . 
Lo c at i s  ( 1 9 7 3 ) pred ict ed a drawback t o  t he s ys t ems 
approach in the f ac t  t hat on ce an in s t ruct ional pa c kag e has 
undergon e  t he exp en s e  o f  preparat ion an d v al id at i on ,  a 
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s cho o l  i s  unl ik e ly t o  chang e a n d  updat e i t  b e c a u s e o f  
furth er exp en s e . He o ffered s �gge s t io n s  t o  c o unterbalance 
some o f  the pro b lems o f  instruct ion a l  deve lopment by be ­
coming more c onc erne d with t he end s of edu cat ion , b e i�g 
more a c c ept ing o f  nonb ehav ioral ( p erhap s a f fective ) o b j e c ­
t iv e s , deve lop ing b e t t er informat i on ret r i e v a l  and exchang e , 
and c lar ify"ing t e chnica l l an g ua g e . 
The r e a l  pot e nt ial o f  the sy s t em s  approach in pre ­
par ing i n s t ruct ional mat eria l s  is ev ident . Penta ( 1 973 ) 
l is ted thre e ma in advan t a g e s :  1 .  r e s o urc e s  are bett e r  
utilized , 2 .  t he s y s t ems mod e l  h e l p s  to c l ar ify t h e  p l an ­
n ing a n d  produ ct ion pro c e s s , a n d  3.  e lement s o f  t h e  s y s t em 
are c l early de l ine at ed and can be re adily a n a l y z e d  for 
improvement s .  The t ime ha s come t hat e du c a t ion have the 
same re sourc e s  fo r de cis ion-mak ing t hat have f a cilit ated 
b u s ine s s  and government f o r  y e ar s . The s y s t e m s  a pproach is  
that f a c i l i t a t o r , a n d  its  pot ent ial i n  t he f i e ld o f  e du c a ­
t ion i s  j u s t beginning to b e  tapped . 
Chapter 3 
DEVE LOPING THE S E LF-INS T RUCTI ONAL S Y S TEM 
PURPOS E OF THE S TUDY 
The purpo s e  o f  t h is s tudy was to empirical ly d e ve lop 
a s e lf- in s t�uct ional system t o  t e ach the everyday , non­
indu s tr ia l , u s e  o f  metric temperature . The t e aching system 
was to be flex ible enough to b e  s uitab le for e it h er adult s 
or student s  in at l e a s t  t enth g r ade , r e g ard l e s s o f  ag e or 
sex , and was to be ap propr iate for u se e ither i n  the c la s s ­
ro om or i n  the home . Em p ir ic a l  development o f  t he s y s t em 
invo lve d in itia l wr iting o f  the t e a ch ing material s and 
evaluation dev ic e s  in pre l im inary f orm , try ing them out , 
re v i s ing them s e vera l t imes , and f i e l d testing t h e  s ys tem 
to eva luate how we l l  it s o b j e c t ive s had b e e n  m e t . 
O RI ENTATI ON TO METRI C TEMPE RATURE 
Wh en th is p ro j ect w a s  f irst con c e iv ed , the 
r e s earcher had l imit ed know l e dg e  o f  both the metr ic system 
a�d , mo r e  spec i f ically , Ce l s iu s  temp erat ur e  m e a surement . 
I n  the s pr i ng o f  1 9 7 4 , the writ er v i s it e d  the campu s o f  
.Nort h e rn S t at e  Co l lB g e  a t  Ab erdeen , S outh Dakot a ,  a long 
w ith h�r adv i s er and two o t her graduate s t u dent s t o  g a in a 
g e n e ra l  o r i e ntat ion t o  met r ic · me a s uremen t s  a s  t h e y  were 
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b e ing u s e d in indu s tr ial art s to pre p ar e  s t u d ent s for 
indu s t r ial u s e s . 
Ava i l ab l e  t e a ching mat erial s were r e v i ewed , 
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large ly bullet ins , mimeographed mat er i a l s , and transparen­
c i e s  f o r  u s e  with an ov erhead p ro j e ct or . I t  b e came ap p arent 
t hc.t , in g e ne ral , the s t and ard convers ion formula from 
Fahr e nh e it to Ce l siu s 1 w a s  u s e d  with l it t l e  further i n for­
mat io n other t han fre e z ing and b o i l i ng p o int s , room t emp er­
at ure , and b o dy t emperat ur e . · Conv er s ion s l i d e s and c hart s 
t hat w e r e  re v i ew ed w e r e  g en e ral ly o f  l im it ed u s e ; · tho s e  
t hat me a s ur e d  f r e e z er and co ld w ea t h e r  cond i t i o n s  s e ldom 
had a r ang e h ig h  enough to u s e  the s ame s l id e  to d e t e rm i ne 
conver s i o n s  o f  c o o ki ng t emp e rat ure s .  
The re s earcher re s pond ed very favorably t o  t he i d e a  
o f  appro x imat ing Cel s ius t emperat ure s s u g g e s t e d  by G i lb e�t 
and G i lb e rt ( 1 9 7 3 )  an d s aw re a l  pot e nt i al in c omb i n ing t h e 
e s t imat ion p ro c e d u re w i t h  c o nv ers ion s lid e u s ag e  when g r e at 
a c c uracy was n e c e s s ary . 
U S E  O F  THE SYS TEMS APPROACH 
B e c a J s e of it s p ot e nt i a l  in the d ev e lo pment o f  t r u ly 
u s e f u l and e ffe c t iv e  t e ac h ing mat e r ia l s , the s y s t em s  
appro a ch w a s  cho s en a s  a n  organ ized m�t hod o f  develop ing 
m at er ia l s t o  t each C e l s iu s  mea s ur�ment . T h e  r e s e archer 
- ----------
l o c  : � / g ( O F - 3 2 )  
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re viewe d the l i t e rat ure on the s yst ems approach , app lying 
the pro ced ure s p e c i f i c a l ly to the deve l o pment of Cel s ius  
in struct ional mat e r ial s .  
Figure 5 s how s the procedure f o l lowed in d e v e l o p ing 
th e teaching mat eria l s . The proce dure f o l lowe d i s  b a s ed on 
John son and John son ( 19 7 Q ) . The f iv �  steps  i l lu s trated 
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Figure 5 
P ro ce dur e U s e d in De v e lo p i ng the 
Ce l s i u s  I n stru ct i o nal Mat eria l s  
in t h e  f low ch art have b ee n  u s e d  t o  organ i z e  the fo l lowing 
f ive s ect ion s  of t h i s  chapt er $ 
S pec ifying and Ana l y z ing Ob j e ct ive s 
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Th e first s t e p in dev e lop ing th e t eaching mater ial s 
was t o  ana ly z e  the ar e a of metric t emp erat ure and d e c ide 
what t h ing s · a p er s on ought t o  b e  ab le t o  do to s ho w  pro ­
f i c i e ncy in Ce l s iu s  me a surement . Th e s e  b ehaviors were t o  
b e  t h e  ob j e ct iv. e s  of t h e  i n s t ruct iona l s ys t em . As l earner 
behav iors w e re writt en down , s ome o f  them , s u ch a s  re ad ing 
the rmome t er s  a ccurat e ly and u s i ng Fahre nhe it meas urement , 
w ere s e t a part a s  pre r e qu i s it e  s k i l l s , t o  b e  a s s ume d and 
not t aught ., 
The r e s ear cher f e l t  that it was import ant t o  in clud e 
s ome high er- l e v e l  obj e c t ive s that mea sured b e yond memori z a ­
t i on o f  s p e c i f i c  t emp e rat ure s  and conver s i o n  formu la s . I t  
w a s  b e l i e v e d  that if t h e  l earner could un de rs tand t h e  rat io 
o f  Fahrenhe it t o  C e l s iu s t emp erature s ,  h e  could a l s o e st i ­
mat e Ce l s ius t emp e rat ure s that d id  n o t  r e qu ire great 
accuracy . Th i s  proc e s s  i s  b a s ed o n  c onc e p t  format ion and 
the ab i l i t y  t o  app ly pr i nc ip l e s , pro c e s s e s w h ich are higher 
in the Taxo nomy of Educat ional Obj e c t ive s ( B l6 om ,  1 9 5 6 ) 
than r e c a l l  o f  informat ion memor i z ed . 
The s e  o b j e ct iv e s w e r e  r e f e rr e d  to a s  cr it er io n  
ob j e ct i v e s o r  o b s erva b l e  p er formance t a s k s . Mast ery o f  the 
u s e  o f  Ce l s iu s  m e a s ur em e nt c o u ld be a s c e rt a i n e d if a p er s on 
was abl e to perform the fol low ing f i ve c r it e r ion obj e c ­
tives : 
The student . . . 
1 .  approx imat es the convers ion of F ahre nh e it t q  
Ce l s ius t emperatures using t h e  f o rmu l a  
C = F/ 2 f o r  t emperat ures o v e r  b o i l ing and 
the formu l a  C : F / 2 - 15 f or t emo eratur es 
unde�. boi l ing . 
2 .  approx imates w it hout t he use of convers ion 
instruments common C e lsius t emperatures s u ch 
a s  room temperature , out do o r  t empe ratures , 
bod y temperature ,  and th e f r e e z ing and 
boi l ing t emperat ures of wat e r . 
3 . exp lain s  that th e rang e betw e e n  two ad j acent 
C e l s i us inte g e r s  is l arg er t han betwe en two 
a d i ac e nt Fahrenhe it d egrees at t h e  rat io of 
s c0 = g r0 •  
4 .  choos e s  among various thermomet er ran g es the 
appropriate one for a speci f i c  use . 
5 .  convert s Fahrenh e it temperatures to C e ls i us 
me a sureme nts and v i c e  ve rsa using a conver­
s i on s l id e . 
The re s e archer b e l ieve d that be ing a b le to p erform th ese 
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f ive t asks , or a ch ieve t he s e  crit e r i o n  obj ect ives , wou ld 
ad equa t e ly demonstrat e the learner ' s  mast ery of the us e of 
t he me tric temperature . 
Deve loping E va l uation I nst rume nt s 
System e ff ect iveness requ ir e d  a measu rement pro ­
c edure to observe and record degree o f  atta inment o f  the 
educational o bj ectiv es . Th is measu rement or e va l uat ion 
proc e dure cou ld then be use d to se cure f e e dback for use in 
up-grading the qual ity o f  t h e  t e ach ing syst em . 
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S in c e  a l l  l earn e r s  c o u l d  not b e  ex p e c t e d  t o  ach ieve 
t he s ame d e gre e of ma s t ery , a minimum p erf ormanc e s t andard 
for a s s e s s ing s yst em s u c ce s s  was arb it rari ly s et aT 8 0  per-
cent o f  the l e arn e r s  ac hiev ing 8 0  p erc ent or b et t e r  on a 
po s t - t e s t fo l l ow ing ins truct ion . 
Bot h a pre - and po s t -t e s t w e r e  wr i t t e n . To as s ure 
paral l e l  t e s t s , the it ems were writt e n  a l l  at on c e and then 
d iv id e d  into two t e s t s of e q ua l d i f f iculty and w e ight . One 
hal f b ecame the pre -t e s t and the o t h er b e c ame the po s t -t e s t . 
The t e s t s  were l im i t e d  t o  3 2  que s t ion s t o  avo i d  d i s int ere st 
an d  f a t igu e . B o t h  t e s t s  were we ight e d  t he s ame with e ach 
obj e c t ive 2 b e ing s t re s s e d  as f o l lows : O b j e ct ive 1 ,  3 0  per­
c ent ; O b j e c t iv e 2 ,  3 0  perc ent ; Ob j e c tive 3 ,  9 p erc ent ; 
Obj e c t ive 4 ,  16 p ercent ; Obj e c t ive 5 ,  1 5  per c e n t . Whi l e  
O b j e ct ive 2 c a l l ed f o r  mere memor i z at ion , t he other obj ec � 
t iv e s  c a l l ed for appl i cat ion o f  p ro c e dure s and prin c ip l e s  
to ac t ua l  t emp erature s o r  thermome t e r s . 
Arranging I ns truct ion a l  Act iv it i e s  
B e fore the wr it i ng o f  instruct ional m�t e r i al s b eg a n , 
an out l in e  w a s ne c e s s ary t o  organ i z e  Nhat s t e p s  were n e c e s -
s ary t o  re ach e a c h  o b j e c t iv e  and what s eque n c e  o f  s t e p s  
wou ld b e  mo s t  e f f e ct ive i n  g et t inz t o  t h e  ma s t ery l ev e l . 3 
2 s e e p �  2 5  .. 
3 s o  p e r.c ent a c c uracy o� the po s t -t e s t  
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At t h i s  po i nt i t  wa s d e c ided to mov e  from the s imp l e  to the 
comp l ex by having t h e  s t ud e nt s f ir st le arn s pec i f ic r efe r ­
e nc e  po i nt s ; t h en move on to approY- imat ion s ; and f inall y , 
iden t ify wha t type o f  t h ermome t er wou ld b e  u s ed to me as ure 
within a g iv e n  Ce l s iu s  t emp erat ur e range . One s e ct ion 
wou ld a l so be d ev e l op e d to t e ach the u s e  of a conv e r s ion 
s l ide . 
B e cau s e  Ce l s iu s me a s ur eme nt s wou ld re qu ire a g o o d  
dea l of memory and ma n i pu lat ion , it w a s  d e c ided t o  inc lude 
many re l evant examp le s for dr i l l  and some s pa c ed r ev i ew . 
Ma int ain ing s t ud e nt int e re st dur i ng dr i l l  o f  b a s ic know­
l edg e was recogn i z ed as a pot ent ial prob l em .  
S e l e ct ing and De s ign ing Method s and Mat er i al s  
De s ign ing s e l f - in s truc t ional mat e r ial s t hat co u ld be 
u s e d  i n  the home as w e l l  a s  the c l a s s room limited the : 
re s ear c h er to t h e  u s e  o f  metho d s  and mat er i al s that r equ ired 
no t ea cher pre s en t  a nd no e xpen s iv e equipme nt . Pre s entat ion 
through l ectur e was rul ed o u t , as w er e  v id e o · t ap e  and f i lms , 
du� to t h e ir impra ct icality and d i s trib ut ion pro b l em s  for 
home u s e . A c a s s et t e  t a p e  w it h  s up p l emen t ary v i su a l s  wa s 
c o n s i d er e d , b ut t h e  idea w a s  abandoned d u e  t o t h e  exp e n s e  
o f  t h e  r e qu ired equ ipment . 
T he r e s earch er had a s s i s t ed in the r e v i s ion o f  a 
s e l f - in s t ruc t i onal s ew ing s y s t em u t i l i z i ng programmed book­
l et s and s e p arat e v i sua l s .  Th i s  approac h  s e em e d  appropr iat e  
for t ea ch ing C e l s iu s  m e a s ur ement , provid ed programmed 
book l et s cou ld b e  pr int ed inexpen s ive ly and s up p l ementary 
mat er ia l s  could be produced in ad e quat e number s for home 
u s e . 
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At th i s po int the d e c i s io n  wa s mad e  not t o  inc lud e 
a c t ual t h ermomet er s  a s  part of the l e arn ing s y s t em .  I f  
ac tual t h ermomet er s were prov id ed , t emp erature co nd it ion s 
wou ld h�ve to be man i pulat ed to prov ide t h e  s ubj ect s o ppo�­
tun it ie s  to m e a s ur e  a var i ety o f  t emperat ur e s  i n  C e l s iu s  
m e a s ur eme nt . Learn ing by u s ing thermomet ers would h av e  
re qu ired cook ing f ac i l it ie s ; wat er ; refr igerat ion ; and ,  
perhap s , s ick bod i e s . I t  wou ld a l so hav e r equ i r ed a l arg e  
inv e s tment i n  thermomet er s t o go with each pro grammed book- · 
l e t . S inc e b e i ng ab l e  t o r e ad a Fahr enh e i t  t hermometer had 
already b e e n  s t at ed a s  a prer e qu i s it e  to t h e  program , it 
was d e c i d e d  to t ea ch met r i c  t emperatur e u s ing pr int e d  p i c­
tur e s  o f  t h e rmomet e r s . 
Wr it ing a programmed in struc t ion book l et r e qu ir ed 
a s t udy o f  programs and of i n struct ion s  i n  how t o  program 
e f f ect iv e l y . The f ir s t  rough draf t  wa s wr itt en on sma l l  
sheet s o f  p ap er with t he ans w er s  folded to t he back o f  t he 
p ag e � a s  s e e n  on s im i lar pro grams be i ng wr itt en by o t her 
grad u �t e  s t ud ent s . I l l u s t rat ion s  were inc l ud ed as n e e d ed . 
E arly rev is ion o f  frame s ,  apply ing pr inc i p l e s  pr e s ent e d by 
Mar k l e  ( 1 9 6 4 ) , a t t empt ed t o  i n s ur e  that all importan t  infor­
mat i o n  b e  i nc lud ed in s tud e n t  r e s pons e s  and t hat a l l  
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informat ion not r e lat ed to the s p ec if ic f iv e  o b j e ct iv e s b e  
e liminat e d . Th e r e s e ar cher at t empt e d  t o  g e t  the s t ud e nt s  
t o  t h i nk i n  m et r ic mea s ur eme nt b y  the end o f  the bookl et by 
pha s ing o ut r e f ere n c e s  t o  Fahren h e it a nd comp l et e l y e l imi­
na t i ng i t s ment ion on t he f inal r ev iew . 
Re cogn i z ing a r eal pot ent i a l f o r  bor edom on t he 
. .  
p art o f  t h e  l e arner in dr i l l ing and r ev iewing sp e c i f i c 
r ef er e nc e p o int s to b e  l ear n ed , t h e  r e s earcher developed 
t hr e e  s et s o f  p l aying c ard s . The f ir st s e t  ta ught weather 
and wat er t emp e ra t ur e s ; th e- s e c ond s e t taught b od y t empe ra-
t ur e s , bot h normal and a bnorma l ; and the f ina l s et wa s a 
rev i e w  o f  t he f ir s t  t wo s e t s , t o  be u s ed at t h e  v ery . end o f  
the program . 
O ri g i na l ly , a l l  t hre e card g ame s were p lanned to b e  
on s e lf- adhe s iv e  v iny l - covered p l ay ing c ard s . Th e amount 
of t ime re q u ired to pre p are the c ard s and the n e c e s s ity t o 
have s et s  o f  at l e a s t  C ard S et s A and B w it h  each program 
book l e t  mad e it imprac t ic a l  to pro du c e . S in c e  the y  wou ld 
be u s e d  only two t ime s e ach for t e s t i ng purpo s e s , paper 
rat her . t han v inyl -cov er ed c ard s was a suff ic i ent ly dur ab le 
mat eria l . F i f t y  co p i e s of S e t s A and B were d u p l icat ed by 
a mimeograph ma chine . Th e y  were pr int e d  o n  c o l o r e d  p ap er 
and mar k e d  "A" or " B " i n  th e up per l e f t hand corner t o  d i s -
t ingui s h  t h em e 
Th 1· ·i�vo lv ed mat ch ing c ard p a ir s  or t r io s :  e g ame s . 
d e s cr ipt i on s  o f  t emparat ur es , C e l s iu s  temp eratur e s , and 
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Fahre nhe it t emp eratur e s . An ex amp l e  o f  a s e t  t o  b e  mat ched 
from Card S et B i s  
" Norma l B ody Temp erat ur e "  
. C on y e l low paper ) 
" 3 7 o C "  
( on p i nk p a p er ) 
" 9 8 . 6 ° F "  
C o n b lu e  pap er ) 
The B de ck c o nt a in e d  four other s im i l a r  s et s t o  be mat ched 
whi l e  p lay i ng t h e  g ame . Card S e t A cont a i ned e ight pairs 
o f  c ar d s and C ard S e t C cont a i ned 2 6  pair s and one " Me tr ic 
Ha t c h  - 4- 0 "  card t o  b e  u s ed a s  an " O l d  Maid . "  
Card S et C w a s  i nt e nd e d  for e ither group or s o l it a ry 
re v i ew , s o  no t a s  many s e t s  were n e ed e d . B e c au s e  they wou l d  
b e  u s e d mor e o ft e n , t he c�rd s had to b e  mo r e  durab l e  t han 
tho s e  in Card S et s  A a nd B .  C ard S e t C was pro du c e d on 
r e g u l ar p laying c ard s cov e r e d  w i t h  s e lf - adh e s i v e  v inyl on 
t h e numb er s id e . To s imp l ify mat ch ing pair s , red ink w a s  
u s ed f o r  wr i t ing C e l s iu s  t em p e rat ur e s  and e it h e r  b lu e  or 
b l ac k  i nk w a s  u s ed for wr i t i ng d e s cr iptions of weat h er and 
body cond it io n s . No Fahre nhe it t emperatur e s were i n c lud e d  
on the f i n a l  c ard s e t to enc ourag e the l ea:rin er t o  " t hink 
metric "  rather than t o  mere ly th i. n k  in Fahre nhe it and then 
c onvert t o  C e l s iu s . T e n  s e t s o f  t h e s e  card s wer e produ ced . 
S amp l e  card s from C ard S et C h av e  b e en inc l ud ed in 
Appendix A ,  p .  6 0 . 
Conv e r s ion s l id e s  or c hart s o f  s u i t ab l e qua l it y had 
to b e  prov ided with e ac h  s et o f  s e l f - ins truc t ional mat er i­
al s . M imeogr a ph i ng a c o nv e r s ion chart or s l id e  wa s . 
co n t emp l at ed , but l a c k  o f  a c c ura cy wa s l im it ing . S l ides 
t hat co u l d b e  p ur c ha s ed l o c a l ly or b y  ma il g e n erally h ad 
t emp e rat ur e  rang e s  t oo l ow for oven mea surement s and 
i nv o lv ed proh i b i t iv e  e x p en s e .  Ab out 1 5 0  conv er s ion s l ide s 
d i s tribu t e d  by t he Army N at ional Guard w er e  mad e  ava i lable 
at no co st and w e re u s ed in t h e  pro j e ct . Th e  t emp erature 
ra�g e of the s l i d e s ext ended from cold weather c o n d i t ion s 
t o co ok i ng t emp erature s ,  a s  w ide a ra ng e a s  wou ld b e  
encoun t ered i n  t h e  home . The s l id e s , norma l ly mar ket ed 
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at mor e  than a d o l lar a p i e c e , wer e now ava i l able in s uf ­
f ic ie nt qu an t ity t o  b e  g iy e n  t o  s ubj ect s f o l l o wing t h e  
c omp l et ion o f  the pro g ram i n  appre c iat i o n  for t h e i1·  c o o p ­
erat i on . F i fty co nv e r s ion s l id e s  wo u l d  b e  ret a in ed a s  part 
· of the or ig ina l f i f t y  s et s  of s e l f - i n s t ruc t i o n a l  C e l s iu s  
mater i al s . 
Th e  pot ent ia l  for t e ac h ing the program on comput er 
t ermi na l s  wa s cons idered b ut ru led o ut f or l a c k  of termi­
na l s  ava i lab le t o  t e s t  subj e c t s . At t he s ame t ime , how­
e v er , t he r e s e archer d e c id ed t o  ut i l i z e a c omput er keyboard 
t ermi na l for wr it i ng t h e  p rogram and then hav e t he pro ­
granune d b o o k l e t s repro d u c e d  a s  a lo ng comput er pr i n t out · • .  
Th i s  a c c o r d i an - p l eat e d p r i ntout c o u l d  b e  re fo lded and b ound 
w it h  mu ch l e s s  t ime and e f fort than wou l d  have b e en n e c � s ­
s ary t o  pro du c e  the o r ig ina l l y  cont emp lat e d  mimeographed 
booklet . Add i t ional expen s e encount ered by involv ing t he 
c omput er wa s to be min ima l & 
32. 
The dec i s ion to duplicate the booklet by comput er 
invo lved two maj or problems : the r e s earcher wa s unfamiliar 
wit h comp u t er programming , and the pr int out s cou ld inc lude 
none of the fol low ing s ymbol s , not found on the printer : 
? " • .. . 0 • The s up ervi sor of computer-a s s i st ed i n struct ion 
on c amp u s  f ami l iari zed the re searcher wit h the u se o f  t he 
te�mina l for programm ing and mak ing program correct ion s . 
The ab sence of certa in computer characters requ ir ed 
chang e s . The qu e st ion mark was replaced by a s er ie s  o f  
f iv e  hyphens ( - - - - - )  whene ver a res pon s e  wa s s ought , a s  
f o l lows : 
I N  Y O UR OWN W O RDS , WHAT ARE TH REE DI F FE RENT 
APPROACHES US E D  TO C OMPARE FAH RENH E IT TEMPE RATURE S 
T O  CE LS I US TEMPE RATURE S . - - - - -
Quot ation mar k s  were rep laced by apostrophe s ,  and c olons 
were either el iminat ed or else comma s were sub s t ituted . 
Wh en und erl in ing was unavoi dab le , a s  in t he pronunc i at ion 
o f t he · word " C e l s ius , "  h yphens were u s e d  on t he line be low 
the word t o  be und erl i ned: 
CE L S I U S  I S  P RONOUN CE D  ' S ELL SEE US ' AN D I S  
S PE LLE D W I TH ON LY ONE C .  
Fina l l y , t h e  word " degree s " wa s w1� i-t t en out rather than 
abbre v ia t e d ; f o r  examp le , 7 DEGREES C rat her than 1 °c . The · 
wor d w a s abbre v iat e d , howev er , on t he p lay ing card s � Al l 
t-:rit ing in t he p ro gr anuned boo k l e t was pr int e d  a s  c a p ital 
l et t er s  by t h e  c omput e r . S amp l e  frame s can be f ound in 
·App end ix A, p .  6 2 . 
Ref in ing the I n s truct ional S ys t em 
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I n  add it ion t o  the pr e - and po st -t e s t s ,  an att itude 
s h e et was d�ve loped t o  be f i l l e d out b y  e a c h  s ub j e c t  fo l­
lowing h i s  go ing t hro ug h  t he progr am . Th i s  " S ound O ff "  
s h e et may b e  f ound i n  Ap pend ix B ,  p .  6 6 .  Th i s  que s t ion­
na ire wa s de s ig n e d to r e c oro t h e  subj ect t s  att itud e s  t o ward 
three t h i ng s : the Ce l s iu s  program , t he u s e  o f  metr ic 
t emperature , and s e l f - in s truct i onal programs in g e n er a l . 
Q u e st io n s  w e r e  a l s o  provided t o  re c ord t he s ub j e ct ' s  s ex ;  
ag e ; educat i ona l bac kg ro und ; and , in t h e  c a s e  o f  t ho s e  who 
ha.d at t e nd e d  h igh s cho o l , h igh s chool c l a s s  ra nk . /..n o p en­
end ed s ent e nc e w a s  in c luded t o  e nc ourag e further comment s  
or s 1 1gg e s t i o n s  abo ut t he s y s t em .  The d at a  t o  b e  c o l l e c t e d 
from t he " S ound O f f "  s h e et w ere intended for e v a luat ing 
at t it ud e  toward t h e  sys t em and for t e st ing hypothe s e s  fol­
lo�_ing f i e l d  t e s t i ng .  The amount o f  t ime s p ent o n  t he pro ­
gram. w a s  inc l ud ed w ith t he subj e ct 1 s  name and t h e  dat e o f  
t he po s t - t e s t . 
A ft er al l the mat er ia l s  u s e d  in t h e  s y s t em wer e 
dev e lop�� d , pre l :Llninary t e st subj ect s we.re s ought . N int h 
and t en t h g rad e sub j e c t s r e pr e s ent ing the av era g e  a b i l it y 
o f  homemake r s  for Hhom t he \,.) y s t em was d e s igned w er e cho s en 
for pre l iminary t e s t i ng . The r e s earcher o b s erved and 
r e co rd ed pro b l em s  encount ered a s  each of t h e  f ive subj e c t s  
w e nt through t h e  in s t ru ct ional materia l s  and e valuat ions . 
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Rev i s ion f o l lowed each o f  the f iv e  trial s . Exc e pt for t he 
th ird and f ourth s ub j e ct s , who part i c ipate d s imu ltaneou s ly ,  
al l s u b j e ct s worked one at a t ime . 
Chang e s  were mad e in the system wher e pre l im inary 
s u bj e ct s expr e s s e d  c o nfu s ion or h e s ita t io n ; whe r e  an swer s 
wer e mi s s ed in t he programmed bookl et s ,  par t icular l y  o n  
c r i t er io n- re f erenc ed pag e s ; and where que s t ion s w e r e  mis sed 
o n  t h e  po s t -t e s t . For any chang e s  that w er e  mad e on the 
po s t -t e s t , p aral lel chang e s  were made on the pre -t e st to 
k e e p  th em o f  e qual d i f f i c ult y . The pre l im inary subj e c t s 
al s o  o ff ered a s s i s t ance in word ing the ins truct ion s  for 
C ard S et C for gre at e s t  c lar it y . 
The r e s ult ing ref inement s of the i n s t ruct iona l 
s y s t em inc l ud ed c lar i fying the dire c t ion s and s ome it ems 
o n  t he pre - and po s t -t e st s , add ing s ev eral pag e s  in t h e  
programmed boo k le t , c l ar i fying s t at ement s on t h e  an swer 
p ag e s  of t he p rogrammed booklet , rewr it ing one of the 
v i sual s ,  and r ewo rd i ng the " Sound O f f "  s h e et . 
Th e comp l et e d , rev i s ed in struct i o nal syst em co n -
s i ste d � o f  t h e  fo l lowing n ine part s :  
1 .  A t wo -p a rt p r e - t es t requ iring t h e  u s e  of 
a conv e r s i on s i ide o n  t he s e cond part 
2 .  A me t r i c  conv e r s ion s l id e 
3 .  A b ou nd comput e r -p r i nt e d  p ro grammed 
b o ok l e t  w it h  1 0 8  p ag e s  
4 .  C ar d S et A co n s i s t i ng o f  1 6  c ard s t o  l earn 
C e l s iu s  w e at he r and wa t er t emp e ra t ur e s  
s .  Card S et B con s i s t i ng o f  1 5  c ard s to l e arn 
C e l s iu s  body t empe rat ur e s  for d if f er e nt d eg r e e s  o f  
f e v er 
6 .  A v i s ua l s  b oo k l e t c o nt a in i ng f i v e  page s o f  
i l lu s tr�t i on s f o r  r e f erence and rev i ew 
7. Card S et C con s i st ing of 5 3  c ard s t o  
rev i ew C e l s iu s  w e at he r , wat er , and body t emp e ra ­
t ur e s and conv e r s ion formu l a s  for e st imat ing 
C e l s iu s t emp erat u re s from Fahre nhe it t e m p era t ur e s 
8 .  A t wo - part po st -t e st re qu ir i ng t h e us e o f  
a c o nv e r s ion s l i d e o n  t h e  s ec ond p art 
9 ,  A " S o u nd O f f " s he et to r e c ord p e r s o na l 
dat a and at t i t u d e  toward t h e  program a s  w e l l  a s  
att it ud e  t o ward C e l s iu s  t empe rature m e a sur ement 
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Once a l l  c h ang e s  h ad b e e n  made , a l l mat er ial s were dup l i ca-
t e d in th e fo llow ing quant it i e s : 5 0  programmed bo ok let s ,  
Card S et s  A and B ,  and t he v i sual s b oo kl et s ; t en co p ie s  o f  
Card S et C ;  1 5 0 conve r s io n  s l id e s ; 1 6 0  cop i e s  o f  t he pre ­
t e s t ; and 1 2 0 co p i e s  o f  t h e  p o s t -t e s t and " S ou nd Off" 
s h e et . A cart o o n  c o v er s h e e t  was ad d e d  t o  t he p o s t -t e st 
f or int ere s t . 
Chapter 4 
FI E LD TES T I NG THE S E LF - I N S T RUCT I ONAL P RO G RAM 
Aft e r  the in s tructional s y s t em had be e n  rev i s ed and 
p rint e d  in it s n ine part s , it wa s re ady for f i e l d  t e s t ing . 
I t  wa s t h e  g o a l  o f  f i e ld tes t ing to hav e a wide v ar i e t y  o f  
s ub j e ct s  ach i e ve ma s t e ry-l eve l perfo rmance on a p o s t - t e s t  
fo l l ow ing c omp let io n  o f  the s e lf - in s t ruct i onal mat erials . 
S uc ce s s  would be mark e d  by 8 0  percent of the subj e ct s  
achievirig at lea st 8 0  p e rc ent accuracy o n  t h e  p o s t -t e s t . 
S OU R CE O F  S UB JE CTS 
Al l s ub j e ct s  were e i ther adu lt s or s t ud ent s in at 
l e a s t  the n inth grade . Adu lt s w ere cho s en who had not 
at t ended or gradu at e d  from h igh s choo l  as we l l  a s  s ome who 
w e � e  attend ing or had g rad uat ed from po st- s e condary educa­
t ional in st itution s .  S tudent s from both publ ic and privat e 
h igh s cho o l s  part i c ipat e d . 
More t han 150 s ubj e ct s  took the pre -t e s t  and 
ch e ck e d  out t e aching ma t e rial s , but only 1 0 6 comp let e d t h e  
l e arn ing s y s tem , inc lud ing t h e  po s t -t e st . About t en s ub ­
j e c t s , a l l  mal e s ,  d i s qu a l i f i ed themselves from t h e  res e arch 
dat a by s coring 8 0  perc e nt or b e t t e r  on the pre-t e st . 
App r·.'.)x imat e ly 3 s other s ubj e ct s  were e l ir.:dnat e d  from the 
dat a an a ly s i s  b e cau s e  they d id not comple t e  t �e s y s tem . 
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Th e 1 0 6  s ub j ect s who comp l et e d  the system are 
de s cri b e d  i n  Tab le 1 .  S t u d e nt s ub j ect s were primar i ly from 
S ourc e · 
Te l s tar Reg iona l 
H ig h  S choo l  
S DS U  S choo l Lunch 
Workshop 
Gou ld Acad emy 
Camp ing S taff Oak 
H il ls F e l lowship 
Ev ans N o t ch 
Fo 1.,e s t  Rang ers 
M a s o n ic Lodg e 
Memb e r s  
Farmers 
Tab le 1 
De s cript i o n  o f  S ub j e c t s  
Loc at ion 
B e t h e l , ME 
B ro o k i ng s , S D  
B e t h e l , ME 
B em id j i ,  MN 
B et h e l , ME 
B e t hel , ME 
B et h e l , ME 
Category 
Stud ent s 
Adu l t s 
S t ud e nt s 
Adult s 
Adult s 
Adu lt s 
Adult s 
Number 
4 4  
1 9  
1 7  
1 5  
6 
3 
2 
I06 
B e t h e l , Main e , wh i l e  the l arg e s t numb er o f  adult s c ame 
frdm B rook ing s ,  S outh Dakot a ,  and B emidj i ,  Minne s ota .  A 
t ot a l o f  5 8  f emal e s  an d 4 8  male s part i c i p at ed . H igh 
s choo l s tud e nt s account ed for 6 1  of the subj ect s , and 
adu lt s a c c ount e d  for the oth e r  4 5 sub j ect s . The s ub j e ct s 
f e l l  i nt o t he f o l low ing ag e categories : 
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Ag e Number o f  S ub j ect s ............... 
u n d e r  1 9  6 1  
1 9 - 3 5 1 7  
3 6 - 5 5  2 2  
o v e r  5 5  6 
Tot al 1 0 6 
I N S TRUCTI ONAL CONDI TI ON S 
Mo s t  o f  the s t ud e nt s ub j ect s comp l e t e d  t h e  pre - t e s t  
in t h e  pre s e nc e o f  t h e  re s e ar c h er b e fore b e ing g iv e n  t h e  
i n struct i o n a l  mat e r i al s . Ad u lt s  were g e n e ra l l y  g iv e n a 
c o py o f  t h e  pre - t e s t  to t ak e  at home b e fore go ing through 
the in s tru c t io nal mat e r i al s . Once the i n s t ru c t i o na l  mat e -
r i a l s  had b e en g iv e n  t o  a s u bj e c t , n o  at t empt wa s mad e t o  
co n t ro l out s id e  i n f lu e n c e s . Part i c i pant s w e re to ld to 
comp l e t e  t he p rogram by fo l lo wing the i n s t r u c t io n s  in the 
programme d book l e t  and re f e rring t o  t he s u p p l ementary m at e ­
rial s a s  i n s t ruc t e d  b y  the booklet . When they had f in i she d 
the pro gram , t h ey r e t urned a l l  mat e r ial s and t o ok a po s t -
t e st . 
Mo s t  o f  the adu lt s ub j e c t �  s t ud i ed t h e  mat e r ial s 
in t h� ir home s , places of b u s in e s s , dormitory ro om s , or 
camp c ab in s . S t ude nt s ub j e c t s from t he pub l ic s c hoo l  u s ed 
the mat e r i a l s s t r i c t ly in their s c i en c e  c l a s s r ooms , but 
s t ud e n t  subj ect s from t h e  pr ivate s choo l w e r e  ex p ec t e d  to 
spend one even i ng work ing o n  the pro gram in t h e ir dorm itory 
reams a s  w e l l  a s  one s c ien c e cla s s  and o ne s c ien ce lab 
period . 
E a ch s ub j e c t  e s t imat ed the amo unt o f  t ime h e  s n e n t  � 
o n  the pro gram . Th e rang e extended f rom on e half t o  s ix 
hour s , the av e rage b e ing t hre e hour s . · Sub je c t s were - � � 
e nc ourag e d  t o  play the f i n a l  card g ame w i t h  o t h e r s  i f  they 
s o  want e d . S e v era l subj e ct s ind i c at ed that t he y enj oyed 
th e game to t he ext ent that they cont inued playing w ith 
C ard S e t C b e yond the t ime that it took them to l e arn the 
t emp eratur e s ;  t h i s may exp l a in some o f  the l o n g er t ime s . 
Non e of t he f iv e  pre l im inary s ub j e c t s who were actual ly 
ob s erved by t he re s earcher needed mor e t han t hre e hours to 
complete the program . 
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The f ir s t group pre s ent at ion o f  . t he t ea ch i ng sys t em 
i r c l ud e d  the J .  c .  P e nney " Me t r ic S ong " ca s s e tt e re co rd ing 
fol low ing t h e  pre - t e s t to creat e int ere st in al l areas o f  
metr i c  measurement s . I t  w a s  dec id e d  t o  e l iminat e t he 
audio -v i s u a l a ids in sub s equent pre s entat io n s  t o  s ave pre -
s entat ion t ime and the e f fort o f  s e c uring t he AV e qu ipment . 
required . It a l so s imp l i f ied the pr e s entat i o n  t o  ind iv i d -
ua l s  no t c o nt a cted in a group . 
Al l po s t -t e s t s w e r e  a�rnin i s tered w it h  t h e  
re s earcher , the t h e s i s adv i s e r , or the c l a s s r o om t e a cher 
pr e s e nt . T yp ing corr e c t ions were p o i n t ed out , and d irec­
t io n s  w e re c l ar i f i e d  for t he s u b j e c t s . Conv e r s ion s l id e s  
w er e  p e rmitted o n l y  o n  t he s e cond p art , wh i c h  r e q u ired 
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the ir u s e .  T h e  " S ound O f f "  att itude she et , which may b e  
f ound i n  App end ix B ,  p .  6 6 , w a s  f i l l ed o u t  by s u bj ect s 
fol lowing complet ion o f  the ent ir e C e l s iu s  teaching s y s t em . 
Aft er the po s t -t e st s  and attit ud e sheets were turned in , 
stude nts w ere to ld t h e ir pre -t e st , po s t -t e s t , and ga in 
score s . 
Chapt er 5 
ANALY S I S  OF  DATA 
Th e go a l  of t he s ys t em w a s  to h ave at l e a s t  8 0  per­
c ent o f  the s ub j e c t s  a ch i e v e  ma s t ery-le v e l { 80 percent or :· 
b et t er )  p e rf orman c e  o n  t he po s t - t e s t fo l lowing ins truct ion . 
I t  wa s a l s o  of int er e s t t o  t he re searche r t o  d i s co ver what 
f ac t o r s  p l a y ed a p art in t h e  p e rformanc e o f  t he subj ect s . 
Th i s  chap t er exp la in s  how the r e s e ar ch data were co l l e ct e d , 
an a l y z ed , and i nt er p rete d . 
CO LLECTI ON O F  DAT A 
Re s e ar ch data con s i st ed o f  two typ e s : s co r e s o n  
t h e  e v a l u at ion in s t rument s and re s pon s e s  on a " So und O f f 11 
she e t  f i l l ed o ut aft er the po s t -t e s t was c omp l et e d . 
Dat a f rom Eva l u at ion I n s t rumen t s  
The pre - and po st -t e 8·t s  we re d eve lop e d  t o  at t empt 
t o  d et erm in e  the amount o f  knowl edge g aine d by a s t ud ent 
go ing thrcugh the programmed t e aching mat erial s · on metr ic 
t emp erat ure . The t e s ·t s were d ev e lo p ed in p aral l e l forms 
w:t t h  3 2  it em s  i �  . .  t h e  p r e - t e st p a ire d with an e qual numbe1, 
o f  i t em s i n  ·t he pQ s t - t e s t . T h e  pairs cont a ined i t ern s o f  
p re s umed e qua l d i f f i c u l t y t hat t e s t e d  t h e  s ame con c e pt s e 
An att empt was mad e t o  t� s e  t h e  s ame in s truct ions , s imi l ar 
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ques t ion word ing , and qu e st ion s invo lv ing t h e  s ame d if ­
f i c u lty o f  mat hemat ical comput at ion s on each of t h e  3 2 -
que st ion t e s t s . A copy o f  the po st -t e st may b e  found in 
Ap pend ix B ,  p .  6 8. 
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Mo s t  o f  t h e  sub j ect s  were abl e  to comp l et e  t he po st ­
t e s t  i n  about 2 0 minut e s . The pre -t e st t o o k  anywhere from 
a f ew m i nut e s , for tho s e  who knew noth ing about metr i c  
t empe rat ure a n d  qu ickly gue s s ed , to s ev eral hour s , f o r  tho s e  
who had s ome idea o f  a conve r s ion formul a  and pro c e e ded to 
work out e a ch que st ion mathemat ic a l ly . The e va luat ion 
in s trum ent s were k ept s hort to ret a i n  s t ud ent int ere s t  and 
to prev ent t ime pre s s ure dur ing a clas s pe riod when u s e d  in 
s choo l s . 
Two t yp ing error s were chang e d  in ink o n  the p o � t -
te st . No at t empt wa s made t o  det ermi ne whe the r drawing 
s pe c i a l  at t ent ion to the items improved the subj e ct s ' p er -
formanc e o n  t h e s e  it em s . There were no i nk corre ct ion s o n  
t he pre - t e s t . 
Dat a  from t h e  " S o u nd O f f "  S he e t  
After p o s t - t e s t ing w a s  comp l eted , the sub j e ct s  wer e 
e a ch � s ke d t �  comp l c t e j a s  hon e s t ly a s  po s s ib l e , a que s t ion ­
na :t r e  t i  t l cd 0 s o-:..md O f f . t t  A copy o f  t h i s que s t ionna ir e  may 
be . found in Ap pend ix B ,  P •  6 6 .  The f i r s t  it em a s ke d  t he 
;:" b · .... t t d · ... � .;  'h --.. h -=  ..... .. .1.ce e li ng ( s ) about t h e  program bu .... u J el,; o e ;;:, c r �- _, ..:. i .• .. .:::;. - � J 
checking a s  ma �y ad j e ct iv e s  a s  might apply . The li s t o f  1 2  
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adj e c t iv e s cont a ined f iv e po s it iv e  and s ev e n  negat iv e 
d e s cript ion s  o f  att it ud e . Count ing e ach po s it ive mo d if ier 
che cked + l  and e a ch n e g at ive mo d if i er checked - 1  would 
result i n  a ne utr a l  s c ore of z ero and a s ca l e  from -7 t o  + S . 
I t  wa s des irab l e  t o work wi·t h po s it iv e  numb e �., s , s o  the 
s cale wa s tran s cr i bed to a s c a l e  from 1 - to 13 w i t h  a n eut ra l 
s core o f  8 .  
The s e c ond item at t empt ed t o  rat e a p er s o n ' s  f e e l ­
ing of t he r e l evanc e  o f  the knowle d g e o f  met r i c  t emp erat ure 
to h i s  d a i ly l i f e  by checking one of f our cho i ce s :  not at 
a l l , a l it t l e , qu it e a b it , a lot . The s e  were c o n s id ere d 
a four-po int s c a l e . 
The th ird it em int e nde d to rat e s e l f - ins t ruct iona l 
p rogramm ing w i t h  o t h e r  method s o f  l earn i ng b y  a sk ing the 
s ub j e ct t o  c h e ck h i s f avor it e t hre e o f  the s ev e n  met hod s  
l is t e d  for l earn i ng the metr ic s y s t em .  
O t her it em s  a s ked t he subj e ct to ind icat e s ex , 
ed ucat ion and graduat ion l evel s ,  ag e  rang e ,  and approx imat e 
h igh s c hoo l  c l a s s  rank by quart i le s . Eac h r e quired on ly a 
c he c k  mark o r  a c irc l e . The amount of t ime s p ent on the 
program wa s re qu e s t ed at t he b eg inn ing of the po s t -t e s t , 
r ather t han on the " S ound O ff "  she e t . 
S t ud e n t s were a l so g iv e n  a c hanc e t o  expre s s the ir 
f e e l ing s t hrough th e  open-ended s t a t ement , 11 Lo o k ing back o n  
t h i s  c o u r s e  I fe e l . • • • ff  Mo st subj e ct s  f i l l ed in from 
on e  wo rd t o  s e v eral s e nt e nc e s , o fte n r ep e at ing what they 
might have ind icated on t h e  at t it u d e  or r e l ev anc e items 
earl i er . 
PRO CE DURE FO R DATA ANALYS IS 
Data w e r e  ana lyz e d  u s ing t he S tat i st ic al Pa ckag e fo� 
t he Soc ial S c i e n c e s  o n  t he South Dakota S t at e Un iv er s ity 
comput er . H i stogram s  were cons truct ed t o  d e t e rm ine t he 
graph i c  cur v e s  o f  pre - and p o s t -t e s t  s cor e s .  
S catt e rgrams s howing t he r e lat ion s h i p s  of a l l  other 
f act o r s  with bo t h  pre - and po s t -t e s t  s cor e s  we r e g en e rat e d  
t o  ind i c at e  further corre lat ion s t ud i e s o f  v a l u e . F ina l ly , 
mu lt ip l e  r e gre s s io n s  were comp ut e d t o  l ink ind e p end e n t  
var i ab l e s  t o  p o s t - t e s t s c ore s , pre - t e s t  s c or e s , and a t t itude 
r at i ng s . 
FIN DI N G. S  
Fig ure 6 s hows t he d i s t r i but io n of 1 0 6  p r e -t e st 
s core s . As ment ioned e ar l i er , s u b j e ct s  with pr e - t e s t s co res 
of 8 0  p e r c e nt or mor e  were not inc lu d e d ; t hu s , no s c ore s 
exc e e d  8 0 . S co r e s ex t e nd ed from 6 to 7 9  with a rang e o f  7 3 . 
The p re -t e st me an w a s  3 8 . 3 ,  the me d ian 3 6 . 5 ,  and the mod e 2 1 .  
It may b e  o b s erved t hat there w a s  c o n s id erab l e  var iab i l i ty 
among s ub j e ct s in t h e ir previous knowl e d g e o f  met r i c  t emp e r ­
a·ture . Al t ho ug h  t h i s  h i st o g ram do e s  not app roximat e a n o r ­
m a l  c ur v e , it i s  re l at iv e l y  s ymmet r ic a l . 
1: 
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O f  mo s t  conc e rn w a s  a d i s t r ibu t io n  o f  po s t -t e s t  
s core s t o  s e e  i f  t he ma s t ery l ev e l  ha d b e e n  reached b y  
8 0  p e rc e n t  o f  the s u b j e c t s . F igure 7 shows t he h i s t ogram 
of the po s t - t e s t  frequ e n cy d i s tr i but i o n . S co re s e x t e n d e d  
from 5 8  t o  1 0 0  w ith a r an ge o f  4 2 . The d i s t r i but ion w a s  
def init e ly s k e w e d  to t h e  le f t  rat h e r  t han a normal c u r v e . 
The h i s t o g ram p ic t ure s what wou ld b e  c on s id ere d ide a l  for 
a cr it er i o n - r e f er en c e d  eva luat ion d ev i c e . I t  i l lu s t rat e s  
t h e  larg e p er c e nt ag e  o f  s ub j e c t s who at t a ined th e ma st ery 
l ev e l  f o l l o w i n g  comp l e t ion of t he l e arn i ng s y s t em . 
The s am e  d i str ibut ion o f  po s t -t e st scores i s  shown 
in t ab l e  form i n  Tab l e  2 .  I t  c an b e  not e d  that on ly 
1 7  p erc e nt or 1 8  s ub j ect s had po s t -t e s t  s core s b e low the 
s y s t em g o a l  o f  8 0  p er c e nt . There fore , 8 3  p e rc ent or 8 8  
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s u b j e c t s  ach i e v e d m a s t ery- l e v e l  p e rforman c e  on the po s t ­
t e 8 t . Thre e p er c e nt mo re p e op l e ach i eved ma st ery - l ev e l 
per formanc e  than n e e d e d  t o  ind i c a t e  s y s t em s u c c e s s .  1� e 
mean s co re o n  t he 1 0 0 -p o int t e st wa s 8 9 . 6 , t h e  med ian 9 3 � 8 �  
the mo de 1 0 0 ,  and t he s tand ard d ev iat ion 1 1 . 1 . The gain s 
from pre -t e s t  t o  p o s t - t e s t  s c ore s ranged from 1 8  t o  8 2  
p ercent ag e p o i n t s ,  w i t h  an a v e rag e o f  5 1 . 3  po int s g a ined � 
Th e mu l t i p l e  r egre s s ion t e s t s  sh owed t hat t wo 
fac t or s w e r e  s i. �n if 1.cant in f o r e c a s t ing p erforman ce on the 
po st - t e st . G e neral l y , the b e t t er � p er s o n  d id o n  t h e  pre­
te st and t h e  mo r e  r e l evant a p er s o n  f e lt C e l s iu s  t emp era­
t ure me a s Uremexi t t o  b e , the h i gher his po s t - t e st s c ore � 
.. 
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pre -t e s t  perf orman c e  ac coun t e d  for 1 1 . 0 7 perc ent o f  t he 
ianc e , and the r e l e v an c e  rat ing ac count e d  f or another 
7 8  per c ent o f  t h e  varianc e .  The pred ict io n equat ion i s  
ula A i n  Appe ndix C ,  p .  7 1 , . 
ore 
l.00 
9 7  
94 
91 
9 0  
8 9  
8 8  
8 6  
8 5  
8 3  
8 2  
8 0  
7 9  
77 
76 
74 
73 
71 
7 0  
67 
66 
6 5  
64 
6-2 
s o  
5 8  
Tab l e  2 
Frequ e ncy D i s t r ibut ion o f  
Po s t - t e s t  S core s 
Fre qu e n cy Percent 
2 3  2 2  
1 9  1 8  
1 5  1 4  
1 2 1 1  
1 1 
1 1 
4 4 
1 1 
4 4 
3 3 
3 3 
2 2 
1 1 
1 1 
3 3 
1 1 
1 1 
1 1 
1 1 
2 2 
1 1 
1 1 
1 1 
l 1 
1 1 
2 2 
Cumul at ive 
P e rc ent 
1 0 0  
7 8  
6 0  
46 
3 5  
3 4 
3 3  
2 9  
2 8  
2 5  
2 2  
1 9  
1 7  
1 6  
1 5  
1 2  
1 1  
1 0  
9 
8 
7 
6 
5 
4 
3 
2 
4 8  
Pre - t e s t  s core s were af f e ct e d  b y  two main ind e­
pendent var i ab l e s . First , there were genera l ly h igher pre -
. 
t e s t  s core s f or t ho s e  s ub j e ct s  who had comp l e t ed h igher 
l e ve l s  of e du c at ion , as ind icat e d  by the s ub j ect s c i rcl ing 
the leve l of educat iona l inst itut ions from w h i ch t h e y  had 
graduat ed . S e cond , ma l e s  g enera l l y  s c o  ed higher on the 
pre-t e s t t han f emale s .  I t  wa s mentioned e ar l i e r  t hat no 
fema l e s  s core d over 7 9  perc ent on the pre - te s t , compared 
t o  about t en· ma l e s  who · t e s te d  out o f  t he prog ram . I t  
should b e  not e d , howev e r , t hat f emale s averag ed higher gain 
s core s t o  the po int that there was no s ign i f i cant d if fer­
ence in the performance of mal e s  and femal� s on the po s t -
t e s t . S tat i s t i c a l ly , g raduat i o n  l ev e l  account e d  for 
9 � 1  percent o f  the pre -te s t  s co re variance and s ex ac count e d  
for 6 . 3 percent . The pre d ic ti o n  e quation i s  Formul a  B in · 
Appendix c ,  p .  74. 
Another mu lt iple regre s s ion t e s t  was run to det er­
mine what fac t o rs inf l u enced the s ub j e ct s ' at t it ud e s  t oward 
the prog ram . A s trong s tati s t i ca l  corre lat ion was found 
between how much a subj ect f e lt he wou ld u s e  his know l e dg e  
o f  me t ric t emperat ure ( re levanc e ) and h i s  attitude toward 
t he program . B e cau s e  re l evance and at t itude appeare d t o  be 
so inter-re lat e d , the corre lat ion was de emed not s ig n i f i ­
cant from a pract i ca l  s t andpoint , e v en though it was 
s t at i s t i c al ly s ignif ic ant . 
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T h e re wa s e v i d e n c e  that f ema l e s g e n er a l l y  had a 
m o r e  favora b l e  att it ude toward : h e  pro gram t h a n  mal e s .  S ex 
a c co u nt e d  for 6 .. 3 p el."'c ent o f  the v ar iance in att i t ude . Ho 
o t h er fa c t o r s  w e r e  s i gri f i c ant in pred i ct i n g  att i t ud e  
t o w ard t he program . 
The c l a s s rank rat ing s that the subj ect s g av e  t h em­
· s e l v e s  w e r e ·· qu e s t io n e d  for t he ir val idity . O u t  o f  1 0 6  
subj ec t s , on ly two c la s s i f ied them s e lv e s  a s  hav ing b e en in 
t h e  bot t o m  fourth of t h e ir high s c hool c l a s s . Thr e e  
fourt h s  o f  the s u b j e c t s ranked t h ems e lv e s  i n  t h e  top ha l f .  
O f  1 8  sub j ect s t ak ing l o w- l e v e l  chemis try , h a l f  rank e d  
t hems e lv e s a s  b e i ng in the t o p  hal f o f  t h e ir e nt ir e  j unior 
c la s s . B ec au s e  it app e ar e d  t o  lack v a l i d i t y , high s choo l 
c l a s s  rank wa s not u s ed in any o f  t h e  c o rr e l at i o n  s t ud i e s . 
T h r e e  other are a s  o f  r e s p o n s e s c ou ld b e  n o t e d . 
F ir st , on a s c a l e  o f  att i t u d e  t oward t h e  prog r am from 1 t o  
1 3  with 1 b e ing e x t r e me l y  negat ive , 8 n e ut ra l , and 13 
�x t rem e l y  po s i t iv e , s u b j e ct s  s cored as fo l lo w s : 
At t i t ud e  S core Number of S ubj ect s 
1 3  2 1  
1 2  2 3  
1 1  2 3  
1 0  1 9  
9 12  
n e u tra l 8 3 
7 2 
6 3 
Tot al 1 0 6  
N o  s c o r e s w e r e  b e low s ix .  O ver 9 5  p er c e nt of t h e  s ubj ect s 
5 0  
ind i c at e d  favorab le at t i tud e s  toward the sys tem with o v e r  
h a l f  o f  t h em r e c e iv ing h i e h ly po s it iv e s c o re s o f  12 or 1 3 . 
Th i s  ind i cat ed s t rong ly po s it iv e  at t it ude s toward this  
profran , O n ly about 5 p e r c e nt o f  t he subj ects  ch e c ked more 
negat ive t han pos it ive  adj e ct iv e s  d e s crib i ng the ir fe e l ing s 
abo ut the pro g � am . 
S e cond , wh e n  a s ked how much they want ed to u s e 
the :r n ew know l e d g e  o f  metric t emp erat ure , s u b j ect s 
re s po n d e d  on t he fo l low ing four-po int re l e v a n c e  s c ale : 
Re l e van c e  Numb er o f  Subj e c t s  
no t a t  a l l 5 
a l itt le 5 2  
qu ite a bit 2 9  
a lot 1 7  
Tot a l  1 0 3 
G e nera l l y , t h e  p eo p l e  who w e nt through t h e  C e l s ius pro g r am 
d id not s e e  a lot o f  u s e  f o r  it at t h i s t ime . Le s s  t han 
5 p ercent s a w  the i r  n ew knowl e d g e  as s omet h ing t hat they 
d id no t w a n t  t o  u s e  a t  a l l , t houg h . 
Th ir , wh en a s ked t o  check the t hre e metho d s  by 
wh ich t hey most p r e f err e d  t o  learn the me t r i c  s y s t em , 
nearly h a l f  o f  t h e  s u b � ect s d id n o t  fol low t h e  d ir e c t ions 
and che c k e d  o n ly o n e  method . Of the 4 7  who checked only 
o n e  metho d , '-+ 0  ch e c k e d  " s e l f- i n s tru c t ional program ( l ike 
thi s ) . u  I t  i s  po s s i b l e  that t hey l iked t h i s  prog ram s o  
much t h at t hey d i d  n o t  want to a l so ch e ck a n  a l t e rnat iv e 
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me t ho d . Ab out 9 0  p e r c e nt of t h e  subj e ct s  che cked 0 s e l f ­
i n s truc t i on a l  prog ram ( l ike th i s ) "  a s  o n e  o f  t h e ir ch o ic e s , 
c l e ar ly t he pre f e rred metho d . I t  i s  c le arly e v id ent that , 
in g e ne ra l , t h e  s ubj e c t s had a v ery p o s it iv e  at t i t ude 
tow ard s e lf - i n s tr u c t io n a l  pro gramr.iing , p erh a.p s toward thi s 
pro g ram e s p e c i a l ly . 
I tem d if f i cu lt y  was det ermined o n the p o s t - t e s t . 
The only t wo que s t io n s  m i s s e d by over 2 0  p ercent o f  the 
s ubj e c t s  both inv o lv ed d i v i s ion and subtract ion of n e g at i v e  
numb ers . N e i ther wa s m i s s e d  by more t han 2 3  p e r c e nt o f  t h e  
s u b j ec t s , how e v e r . D i f f i c u l t y  w a s  also s hown i n  s t a t ing 
the rat i o  b e twe e n  t he C e l s iu s  and Fahr e nhe it s c ale s and in 
c ompar ing range s o n  t h e  two s ca l e s . The o nly item w i t h  no 
e r rors a s k e d  s ub j e c t s  the C e l s ius b o i l ing t emp erature o f  
wa:t �r . G e n er a l l y , s t udent s perfo rmed b ett e r o n  qu e s t .:. o n s  
inv o lv ing r o t e  memory t h an on t h o s e  i nv o lv ing mathemat ic a l  
c o nver s ions or un der s t an d i ng o f  re l a t ion s h i p s  betwe en t h e  
two me a s urement s y s t em s . 
Chapt er 6 
S UMMARY AN D RE C OMME NDATI ONS. 
FO R FURTH E R  S TUDY 
S UMMARY 
Th� obj ective o f  t h i s study was to de v e lo p  a s e lf­
i n s truct ional s ys t em for t e ach ing met ric t emp e rature whi ch 
met th e following c r i t e ria : indiv idual i z e d , enj oyab l e , 
inexp e n s iv e , s u it a b l e  for home us e a s  w e l l  a s  cla s sroom 
u s e , and a p propriat e fo� u s e  by homemaker s and con s umers 
rat h e r  t han i nd u s try . Ma s t e ry- l e v e l  learn i n g  w a s  arb itrar- · 
i l y s et at s t ud ent s a c h i ev ing 8 0  perc e nt o r  b e t t e r  on t h e  
p o s t - t e s t . T h e  s y s t em g o a l  w a s  fo r 8 0  p er c ent o f  t he 
s u b j e c t s t o  learn C e l s iu s  t o  t h e ma s t ery l ev e l . 
T h e  s � · s t e m  wa s d e s ig n e d  for s t u d e nt s in at l e a s t  · 
the t ent h g rad e and f o r  adult s . Any p art i c i p ant s s c o r i ng 
at l e a s t  8 0  p e r c e nt o n  t he pre -t e s t  were g iv e n  t h e  o pt ion 
o f  comp l et ing t h e  s ys t em ,  but t h e ir re su lt s were not 
inc luded in t h e  re s earch dat a . T h e  r e s e ar ch data o f  a l l  
person� wit h s cor e s  o f  l e s s  t han 8 0  p e r c ent o n  t h e  pre -t e s t  
who indicat ed they f i n i shed t h e  book w e r e  us ed i n  corre l a ­
t io n  s tu d i e s ,  whe t h e r  o r  n o t  t h e y  had comp l e t e d  t h e  t h ir d  
c ard g ame . 
The e nt ire sy s t em c o n s i s t e d o f  a pre-t e st 9 a s e l f -
· instruct ion�l  pro g r arr.me d  bookl e t , a v i su a l s  b ook l e t , a 
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c onver s ion s l i de , three card g ame s , a po s t - t e s t , and a 
dev ice t o  e v a l uat e at t i t ud e  to ward th i s  met r i c  t e ach ing 
s y s t em . When t he t e a c h ing s y s t em had b e e n  d e v e l o p e d , f ive 
h ig h  s cho o l s tudent s worked t hrough t he mat e r ia l s  ind e pen­
d e nt ly f o r  t h e purp o s e  o f  r e v i s ion . 
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P art i c i p at ing s ubj e c t s inc luded S out h Dakota s choo l  
food s e r v i c e  emp loye e s ; Minne s o t a  B ib l e  camp coun s e l o r s ; 
and Maine s t u d e nt s in publ ic an d p r ivate h ig h  s choo l s ,  
for e s t  ran g er s , Ma s onic Lo dg e memb er s , and farmer s .  S e t s  , 
o f  mat e r i a l s were given to o v er 1 5 0  peop le , but on ly 10 6 
c omp l e t e d  t he p rogram . 
F i e l d  t e s t i ng e s tab l i shed s y s t em s u c c e s s when 
8 3  p e rc e nt of t he subj ect s  s core d 8 0  p�rc e n t  or b ett e r on 
the po s t - t e s t , 3 perc ent abo v e  the r e s e ar cher ' s  g o al . 
Almo s t  o n e  f o urth , 2 2  p er c e nt , o f  the s u b j e c t s s cored 1 0 0  
p er c e nt o n  the p o s t - t e s t . S co r e s incre a s ed an ave rag e o f  
5 1  p erc ent age po int s b etween pre - an d p o s t -t e s t s . There 
were po s it ive c orre lat ions b e t w e e n  pre-t e s t s co re s and 
po st - t e st s c ore s an d b etween a f e e l ing o f  re l evan c e  in 
us in� C e l s ius m e a s urement and po s t -t e s t  s c ore s . G e n era l l y , 
subj ect s s aw a low degre e o f  r e l evan c e  in learn ing Cel s iu s 
t emp e-a t ure ce a s urereent b ut ind i c at e d  ov erwh e lm i ng l y  that 
h f d t o  l earn t o  u s e  it w it h  a s e lf - i n s t ru ct ional t ! ey pre erre 
pr o gram r athe r than w ith ot her t�ach i ng t e chn iqu e s .  
RE C OMME N DATI O N S  FOR FURTHER STUDY 
Rev i s ing t h e  S e l f - ins truct ional S ys t em 
The f o l low ing s ugg e s t ions or rev i s ions are recom­
mended for improvement o f  t h e  s e l f- in s truc t ional s y s t em t o  
t e ach met r i c  t emp erature : 
1 .  · S imp l i fy i n s tru c t ions on the pre - and 
po s t - t e s t s  to minim i z e  t he n e ed for t e acher 
expl anat ion . 
2 .  T e s t  the evaluat ion ins trument s for 
re l i ab i l it y . 
3 .  Ex p and the p art s o f  the pro gram t hat 
t e ach negat ive t emp erature c onvers ion . 
4 .  En co urag e mathemat ical and conv e r s ion 
s l ide a c c uracy even more than t h e  s y stem pre ­
s e nt l y  doe s . 
s .  Rev i s e  V i sua l 3 for e a s i er d i s t inct ion o f  
c o l d - w e at h er t em p e r a t ure s .  
6 ,.  Put a hard c o v e r on t h e  programme d book-
l et . 
7 .  Ad apt the s y st em for u s e  with comput er-
a s s i s t e d  i n s truc t i o n . 
8 .  S u gg e s t home or c l a s sroom fo l low-up 
act i v it i e s  for b e tt er re t e nt ion of l e arn ing s . 
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Re commendat ions f o r  Further R e s earch 
Th e f o l low i ng ar e a s  o f  r e s earch ar e r e commended for 
f urther s tudy : 
l ,  D e v e lo p  s im i lar s e l f - i n s t r uc t ional s ys t ems 
t o  t each o ther ar e a s  o f  met r i c  mea sur eme nt s ,  such 
a s  l e ngth , v o l ume , w e ight , and ar e a . 
2 .  Re peat this st udy a ft e r Congre s s  has acted 
d e c i s i v e ly about s et t ing re commend at ion s and dat e s  
for c onve r s ion t o  met r i c  mea s ur eme nt t o  d e t e rm i n e  
i f  i n cr e a s e d re l e van c e chang e s  p e r f o rman c e  re s u l t s .  
3 .  Perform a f o l low - u p  s t udy t o  d e t e rm�ne how 
much met r ic knowl edg e is re t a ined af t e r  a laps e o f  
one mont h , s ix mo n t h s. , and one y e ar , corre l at ing 
t he re s u l t s w ith t h e  n u mb e r  of o p por t unit i e s  for 
u s e  o f  m e t r i c  temp erat ure by t he s u bj e ct s . 
4 .  Pre pare and eval uat e a s y s t em for t e ach ing 
m e t r i c  me a s urement s t o  upp e r - e l eme ntary and j un i or 
high s t u d e n t s .  
RE FE RE N CE S  C ITE D 
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S AL�P LE FR.�MES FROM THE 
P ROG RAMMED B O OKLET 
2 1 2  DE G REES FA..9 RENHE I T  = 1 0 0  DEG REE S  CELS IUS 
WATE R B O I LS AT - - - - - DEG REE S  CELS IU S . 
( 1 0 0 )  
BECAUS E THE UN ITS ON THE 'fiv O  S CALES ARE DI FFE RENT , 
AN OUTDO O R  TEMPERATURE RI S E  FROM 8 0  DEG REES FAHRENHEI T  T O  
8 5  DEGREES fAqRENHEIT WOULD BE MUCH LE S S  AP PARENT TO THE 
H UMAN B O DY THAN A FI V E - DE G RE E  RI S E  FROM 2 5  DEGRE E S  CE LS I US 
TO 3 0  DEGRE E S  CE LS I US .  
WH I CH W O ULD B E  MORE CRI TI CAL , A B O DY TEMPE RATU RE 
RIS E  O F  FOUR DEG REES CE LS I US OR A R I S E  O F  FO UR DEG REE S  
FA.B: RENH E I T  - - - - - . 
( FOUR DEG RE E S  CELS IUS ) 
------------- --·----------·---------------------------------
THE O PERAT I N G  TEMPE RATURE O F  Ai AUT OMOB I LE E N G I N E  
I S  1 8 0 DEG RE E S  F .  TH I S  IS RO UGH LY THE S AME AS - - - - -
DEGREES C �  
( 7 5 )  
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Y O U  LEARN E D  EAR LI E R  THAT - 4 0 DEG RE E S  F .  I S  EXAC T LY 
DEGREES C .  
US I NG THE AP PROXIMAT I ON C ONVERS I ON , - 4 0 DEG REES F .  
IS AB OUT - - - - - DEG REE S  C .  
( - 4 0 )1 - 3 5 )  
· [ I F  YOU H E S I TATE D ON THE S E COND AN SWE R ,  G O  BACK AND RE V IEW 
PAGES S O , 5 8 , A.?-J D 6 0  BE FORE G O ING ON . ALS O , REMEMBE R TO 
WAT CH YOUR S I GNS WHEN S UBTRACTING NEGATI VE N UMB ERS . ]  
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B O TH NEGATI V E  AN D P O S I T I VE NUMBERS GET B I GGER AS 
Y OU M O VE ( AWAY FROM/ TOWARD ) - -- - - - Z E RO , WITH EACH LI NE ON 
THE CON V E RS I ON S CALE MARKING O F F  ( ONE / TW O ) - - - - - DEG REE ( S ) . 
{ AWAY FRO M , TWO ) 
WE CAN GENERALI ZE , THEN , THAT A N I NE- DE G REE 
TEM P E EATU RE CHANGE IN FAHRENHEIT MEAS URE I S . THE SAME AS 
Al AN - - ·· - - DEG REE TEMPE RATURE CHANGE I N  CE LS I US MEAS URE . 
( FI VE )  
TH E TE MPE RATURE RANGE O F  A THE RMOMETE R I S  E V EN 
M O RE I M P O RTANT THAN I TS S I ZE AN D S HAPE I N  DET E RMINING ITS 
US E .  
F O R  I N S TAN CE , A THERMOMETE R WH I CH MEAS URE S  
TEMPE RAT U RE S  FROM 3 5  DEGRE E S  CE LS I U S  TO 4 2  DE G RE E S  CE LS I U S  
W O U L D  LI KE LY B E  US E D  FOR -- - - -- - . 
( B O DY OR O RAL TEMPE RATU RE S ) 
REFER TO V I S UAL 4 .  
B O TH TH E SHAPE AN D  TEM P E RAT U RE S  LI S T E D  ON TH E 
TH E RMOMETE R I N  V I S UAL 4 S H O U LD I N DI CATE T O  Y O U  THAT I T  r s  
I N TENDED T O  MEAS U RE B O DY TE M P E RATURE . 
N O T E  THAT THE N UMB E RS 6 ,  8 ,  9 ,  AN D  1 ACTUALLY 
RE P RE S ENT 3 6 , 3 8 , 3 9 , AN D 4 1 . 
WH Y I S  TH E N U MB E R  3 7  O FTEN MARKED I N  RED- - - - - . 
( T O I N DI CATE N O RMAL B ODY TEMPE RATURE ) 
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W.<f' E !<E �..fO U LD Y O U  MO S T  LI K E LY U S E  A THE RMOMETE R WH I CH 
ME.:.:\S U F.:!-: S  F F.CH1 - 2  5 DEG RE E S  C E L S I U S TO 1 0  DE G RE E S  CE LS I US 
{ RE FRI GERATO R  O R  FRE E ZER ) 
APPENDI X B 
E VALUATI ON DE VI CES 
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S OUN D O F F  
Congrat u lat ion s ! You hav e c omp le t e d  a s e l f - in s t ru c t i on a l  
program on me t r ic t emp e r at ure . Your react ion s t o  t h e s e  
t eaching ma t e r i a l s  w o u l d  b e  gr e at ly appre c i ate d . Check the 
a p pro p r i at e  item( s )  t hat de s cr ibe ( s ) your f e e l ing s ab out 
the program . 
t o o  l ong 
---
---
int e re s t ing 
fru s t r at ing 
---
u s e f u l  
t o o  mu ch mat h  
---
fun 
re war d ing 
---
t o o  d if f i c u l t  
_____ t o o  s i�p l e , boring 
re commend it to a fr i end 
too re pe t it io u s  
---
_____ t o o  br i e f , ne ed mo re he l p  
Aft er comp let ing t h i s program o n  netric t emp2rat ure , how 
much do you want to u s e  your new know l e d g e  in your daily 
l i f e ? C h eck o n e . 
not at al l qu i t e  a b i t  ---
a l i t t l e  � lo i; 
How w o u l d  you mo s t  pre f er t o  l earn the me t r i c  s y s t em ?  
C h e c Jr  t he t h r e e  met hod s you mo s t  p r e f  e r . 
1:- e l ev i s ion 
___ ner,"7 sp a. p e r s  
mov ie s 
t e x t books 
corre s p ond e n c e  course 
---
c la s s ro om ( le c t ure & 
---d i s cu s s ion ) 
s e l f - in s t ruc t ional 
-----pro gram ( l ike t h i s ) 
L•'.) O k .ing b .:i c k  o n  t h i s  � o u r s e  I f e e l . • • • ( p lea s e  comp l e t e ) 
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P l e a s e  f i l l  in t h e  f o l l owing i n f ormat i o n : 
Ma l e  Fel!l.al e 
Check w i t h  
attende d : 
x the e d u cat ional in s t it ut i o n s  yo u hav e 
grade s c ho o l  --- f our - y ear co ll ege ---
h ig h  s choo l --- graduate s c ho o l  ---· 
j unior c o l lege --- ot h er ( ex p l ain ) ---
v o c at io n a l  s choo l  
� t h e abo ve in s t i t u t io n s  from wh i ch you grad u a t e d . 
Check y o ur ag e in t h e  appropr iat e rang e b e low : 
und er 1 4  3 6  t o  4 5  
1 4  t o  1 8  4 6  t o  5 5  
1 9  ·t o  2 5  5 6  t o  6 5  
2 6  to 3 5  o v er 6 5  
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P le a s e  c h e c k  your ap prox imat e h igh s cho o l  c las s ran k b e low : 
Exarap le : 
H T o p  1 / 4 2nd 1 / 4 J I 
l-· -; I I 3 rd 1 / 4 [j B o t t om 
Did not 
---
. Top 1 / 4  . 
2 nd 1 / 4  
3 r d  1 / 4  
Bo·ttom 1 / 4 
o f  c la s s  
o f  c l a s s 
o f  c la s s  
1/ 4 o f  c l a s s 
att e nd h igh s choo l  
F O S T -TES T  
Part 1 
}� l t i p l e  cho i c e : Approximat e the fol lowing c o n v er s ions , 
and write the number o f  the corre c t  answer o n  the line 
prov id e d . I f  your ap prox imat ion i s  no t w ithin 1 0  degre e s 
o f  th� exact convers ion g iv en , mark 5 .  no ne o f  above . 
3 po int s each 
4 1 .  Fre e z er s  are g enerally s et at o° F . T h i s  i s  about -----
i .  - 7 3 ° c  
2 . · - s 1° c  
3 �  ·- 3 8 °C 
4- ..  - l 8°C 
2 3 .  
5 �  n one o f  above 
The indoor s w imming poo l t hermo s t at w a s  s et at 
a o 0 r  o r  about 
1 .  1 6 ° C  
2 �  2 1 °c 
3 ,, 7 1 ° c  
L� " 1 5  3 oc 
S e  none o f  abov e 
Jan e ' s coo k i e s bake at 3 7 s ° F . Th i s  i s  a met 1: i c t e�p erat ure o f  a b o ut 
L .  i s s 0 c  
2 .  1 9 1o c  
... • 2 5 a 0 c  
4 (, 3 1 5 o c  
5 .  1 �  )n �� o f  above 
The b at h  wat er. wa s too hot - - near·ly J. l� o ° F . 
a p prox imat e l y 
l �  1 2 ° C  
2 ..  3 2 ° c  
:3 .  5 o 0 c  
4 � q 2 o c  
5 '" I l O !"l e  0 f af) O V e  
It w as 
The 
1 .  
d i shwa sher 
l. l 0 °C 
1 5 4 °C 
2 1 9 ° c  
3 0 0 ° c  
wat e r  w a s  approx imat e l y  1 8 0 ° F  or 
2 ... 
3 
s .  n o r c  o f  abo v s  
C 8  
U s e  the co nvers ion f o rmu l a s  t o  e s t imat e  t h e C e l s i u s  
equ i val e n.t s o f  the s e  rahrenhe i t t emperature s .  W1., i t e  yo ur 
an s w e r s  o n  tne l in e s provid e d . 3 po int s e ach ( answers ! 3 ) 
- 8  o c  6 .  1 8° F  
1 5 5 o c 7 .  3 1 0°F 
2 1  o c a .  7 2 °F 
1 8 6  O C  9 . 3 6 6 ° F  
--
3 O C  1 0 . 3 7 ° F 
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Approximate  � h e  fo l l owing t emp e rat ure s and writ e the C e l s iu s  
t emp erat ure s o n  t h e  l i n e s  prov i ded . 3 po int s e ach ( answers 
± 3  e x c e p t  for que s t ion s 1 4  and 1 9 , ±1 0 )  
0 o c  .-........�--
3 7  O C  
� ·.-illllt-
4 1  O C  
- --·-
1 0  O C  
- --
4 0  O C  
, ,,.. ..,.,._..._.,.. 
- 4 0 O C  
.........  ,� 
3 8  O C  
-�---.... 
2 D  O C  ct:n • •• �r -· 
3 0  O C  
·--.... �-� 
.. () [\ J_ ._. .  t }  Cl C  
._.__ ... _. . .,....,. _  
1 1  .. 
1 2 . 
1 3 . 
1 4 . 
1 5 . 
1 6 . 
1 7 " 
1 8 4 
1 9 ., 
2 0  • 
fr• e c z. ing wat er 
Norma l bo dy · t emp erat ure 
Con vu l B i o n s  ( body t emperat ure ) 
Ch i l ly fall day 
S iz z l ing hot day or very s i ck 
Point at wh i c h  C e l s i u s  and Fah:t'e nh e it 
t e mp erat ure s are the s ame 
Lo w-grad e f e v e r  ( body t emp erat ure ) 
Room t emperat ure 
T .h i. .r s t y  s ummer d ay 
B o i l ing wat er· 
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Mu l� i p l e  cho i c e : Wr i t e  t he numb er o f  the c orr ect an s wer o n  
t h e  l ine p rov ided . 3 po int s each 
_ __ 2_�_2l o  1 erry i s  s i ck w it h  a t e mp erature r i s e o f  t hr e e  
d e g r e e s . T he t hre e - d eg r e e  r i s e is 
l �  m o r e  s e r io u s  if it i s  a r i s e  o f  t hr e e  
Fahr e nh e i t d egr e e s . 
2 .  mo r e  s er iou s i f  it is a r i s e  o f  t hr e e  C e l s ius 
d eg!'e e s . 
3 .  t he s am e  d egre e  o f  s er i o u s ne s s  in Ce l s ius and 
Fahrenhe i t m e a s ureme nt s . 
4 2 2 .  For e v ery 5 d egre e s a Celsius t emp era t ur e  r i s e s , 
a Fahrenhe i t  t emp erat ur e  r i s e s  
1 2 3 . 
1 .  3 d e gre e s  
2 .  5 d egre e s  
3 1>  7 d e gre e s  
4 .  9 d egre e s  
5 .  none o f  abov e 
Cook ie s are u s ua l ly b ak e d  b etween 3 S 0 ° F  and 3 7 s 0 r  • . 
Th i s  2 5 - degre e Fahrenhe it t emp erature :r�nge . e qua l s 
1 .  a rang e o f  l e s s  t han 2 5  degre e s  in Ce l s i u s  
me a s u1-'lement «-
2 .  a ran g e  o f  2 5  d egre e s  in ·Ce l s iu s  me a s urement 
a l so . 
3 ,  a ran g e  o f  more t han 2 5  d e g re e s  in Ce l s iu s  
me a s urement . 
Mat ch t l1 e  f o l l owing t e m p erat ure ran g e s  w i t h  the kind o f  
t h e rm o� e t er t hat wou l d  mo s t  l i ke l y  b e  u s ed t o  me a s ur e  w i t  i n  
t h e  r an g e s g iv e n . Wri t e  t he c o rre s pon�in!? numb er ( 1 - 5 ) on 
t h �  l :L n e  l e f t  of t h e  t h erlmome t e r  d e s cr ip-t io n . Y o u  may us e 
t h e  � o a c e  t o  the r i g h t  o f  t h e  t emp e ra t ure s for ap prox imat i n g  
� he F;hrenheit e qu iva l e nt s  f i r s t . 4 p o i nt s  e a ch 
. .,._ 3 ... _.:2 4· .. I ndoor..-..o u t d o o r  t hermomet e r  
� 2 5 . O r a l  ( bcdy ) t h ercome t er 
�-...,_.,:!,,...._._ .. 
-�--1_2 S r  C v c.::n o r  ca;1 dy t hermome t e!' 
2 ... , - 2 ____ I I. I ndoor t hermo stat 
t emp e rat ur e rang e s  
o n  next pag e 
l e o 0 c  to 3 6 0 °C O F to O p  
----
2 � i o0 c to 3 s 0 c  O F to o r 
3 .  - 3 o 0 c  t o  s o0 c  O F to O F 
--
l.• • - s 0 c t o  i o0 c  O F to O F 
s .  3 5 ° c  t o  4 2 °c O F to O F 
P l e � s e  g o  b ac k  and ch e c k  t o  s e e  t hat you have marked the 
co rr.e ct a n s w e r s . 
Turn in t h i s p art o f  t h e  po s t -t e s t and p i ck up a c opy of 
the s econd part and a conver s ion s l id e . 
7 1  
P O S T -TE S T  
Part 2 
U s e  the conver s ion s l ide prov i d ed t o  f i g ure t h e  e qu ival ent s 
o f  t h e  temperat ure s g ive n b e low 4 Wr it e y o ur answe r s  on 
t he l ine s to t h e  l e ft o f  the q u e s t ion s . 3 po int s each 
( an s w e r s  ± 2 ) 
WAT CH O UT F O R  NEGA'rI VE S I G N S , AND BE SURE TO . US E THE S CALE 
CALLED i-'O R ! ! ! 
- 5 1  O C 2 8 . - 6 o0 r  
8 8  o c  2 9 .  1 9 0 ° F  .......,.__,_.._ 
.... 4 4  O F  3 0  • - 4 2 °C -.--.. u ----
6 6  O C  3 1 . 1 S 0 ° F  
�-. ......, 
2 4 6  o r  3 2 . 1 1 9 ° c  
P l e a s e g o  bac k and check t o  s e e  t hat you have marke d the 
co rr e c t:  an swer s . 
T h i s c o n c lude s the po s t - t e s t . 
Pl.ea s e  fill  out t h e  at t a c h e d  0 S ound Off " sheet • .  Yo ur 
redc t ions and s ugg e st ion s for t h i s  s e l f - i n s t ru ct ion a l  pro � . -· · 
gra1ri_ w i l l  b e  gre a t l y appre c iat ed . Th ank s ! ! !  
7 2  
AP PEN DI X C 
REG RE S S I ON FORMU LAS 
7 3  
REG RES S I ON FORM U LAS 
Formul a  A 
Y = 7 4 . 7 7 + . 2 1 X 1 + 2 . 8 4 X 2 
whe re Y = pre d i c t e d  po s t - t e s t  s core 
x 1  = pre - t e s t s core 
X
2 = re l e vance s co re C l , 2 ,  1 . not at a l l  
2 .  a l it t le 
3 .  q u i t e  a b it 
4 .  a lot 
Formu la B 
y = 4 4 . 2 3 
where Y = pre.d ie t e d  pre-t e s t  s co r e  
x 1  = s ex C l  or 2 )  
1 .  ma l e  
2 .  fema l e  
3 or 4 )  
x 2 = high e s t  graduat i o n _ �t t �i n � d  C l , 2 ,  3 ,  4 ,  5 ,  or 6 )  · ·  
1 .  g rad e s choo l  
2 .  h igh s ch o o l  
3 .  j un ior c o l l e g e  
4 .  vo cat ional s choo l 
5 .  four- year c o l l e g e  
6 .  graduate s choo l  
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